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NOVEL PROCESS FOR THE SYNTHESIS OF 5-(4-FLUOROPHENYL)-l- 
[2<(2R,4RH-HYDROXY^^XO-TETRAHYDRO-PYRAN-2-YL)-ETHYL] 
2.ISOPROPYL^-PHENYL.lif-PYRROLE-3-CARBOXYLIC ACID 

PHENYLAMIDE 

5 FIELD OF THE INVENTION 

An improved synthesis for the preparation of 5-(4-fluorophenyl)-l- 
[2-<(2R,4R)-4-hydroxy-6-oxo-tetrahydro-pyran-2-yl)-ethyl]-24 
liy-pyrrole-3-caiboxylic acid phenylamide is described where methyl 
cyanoacetate is converted m eight operations or fewer to the desired product, as 
1 0 well as other valuable intennediates used in the process. 

BACKGROUND OF THE INVENTION 

5-<4-nuorophenyl>l -[2-((2R,4R)-4-hydroxy'^x^ 
2-yl)-ethyl]-24sopropyI-4-phenyl-lifir-pyrrole-3K:ari}o^^ acid phenylamide is a 
valuable intermediate in the synthesis of lipitoi® (atorvastadn calcium) known 

15 by the chemical name [R-(R*,R*)]-2-<4-fluorophenyl)-p,6Klihydroxy-5-(l- 

methylethyl)-3-phenyl-4-[^henylamino)carbonyl]-lH-pyrrole-I-heptanoicacid 
calcium salt (2:1) trihydrate. The aforementioned compound is useful as an 
inhibitor of the enzyme 3-hydroxy-3-methylglutaryl-coen2yme A reductase 
(HMG-CoA reductase) and is thus useful as a hypolipidemic and/or 

20 hypocholesterolemic agent 

United States Patent No, 4,68 1 ,893, which is herem incorporated by 
reference, discloses certam /ranj-6-[2-(3- or 4-caiboxamido-substituted-pyrrol- 

1- yl)alkyl3-4-hydroxy-pyTan-2-ones including trans (±)-5-(4-fluorophenyl)- 

2- (l-methylethyl>-N, 4-diphenyl-l-](2-tetrahydro-4-hydroxy-6-oxo-2H-pyran- 
25 2-yl)ethyl]-lH-pyrrole-3-carboxamide. 

United States Patent No, 5,273,995, vMch is herein incorporated by 
reference, discloses the enantiomer having the (R,R) form of the ring-opened acid 
of trans-5-(4-fluorophenyl>2-(l-methylethyl)-N, 4-diphenyl.l-[(2-tetrahydn>-4- 
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hydroxy-6H>xo-2H-pyran-2-yl)ethyl]-IH-pyrrole-3-^ i.e^ 
[R-(R*Jl*)]-2K4-fluorophenyl>p,5-dmydroxy.5<l-m^ 
[(phenyIamino)cail)onyI]*l/r-pyirole-l-heptanoic acid 

United States Patent Nos. 5,003,080; 5,097,045; 5,103,024; 5,124,482; 
5 5,149,837; 5,155,251; 5,216,174; 5,245,047; 5,248,793; 5,280,126; 5,397,792; 
5,342,952; 5,298,627; 5,446,054; 5,470,981; 5,489,690; 5,489,691; 5,510,488; 
5,998,633; and 6,087,51 1, vduch are herein incorporated by reference, disclose 
various processes and key intermediates for preparing atorvastadrL 

Crystalline forms of atorvastatin calcium are disclosed in United States 
10 Patent Nos. 5,969,156 and 6,121,461 v^ch are herein incorporated by reference. 

A synthetic procedure for the preparation of 5-{4-fluorophenyI)-l-[2- 
((2R,4R)-4-hydroxy-6K)XO-tetrahydro-pyran-2-yl)-ethyl]-2-^^ 
lir-pyiTole-3-carboxylic acid phenylamide is disclosed in United States Patmt 
No. 5,273,995. 

15 The asymmetric reduction of P-ketoesters, as well as p-diketones, is a 

well-established transformation in organic synthesis. However, tiie complexity of 
these reactions increases in the case of l^^S-tricaibonyl systems and poor yields 
and poor stereoselectivities often result In &ct, investigations by Sabui 
{Tetrahedron, 1997, 1993;49) and Carpentier (Eur, J. Org. Chem. 1999;3421) 

20 have independently demonstrated low to moderate diastereo- and/or enantio* 

selectivities for diketoester asymmetric hydrogenations. Furthermore, the &ct that 
the processes in the prior art require high pressiirehydrogenation and extended . 
reaction times makes these procedures impractical and not amenable to large-scale 
manu&cturing processes. 

25 However, we have surprisingly and unexpectedly found that the diol esters 

of the present invention, (R)-7-[2-(4-fluorophenyl)-5-isopropyl-3-phenyl-4- 
phenylcarbamoyl-pyrroM-yl]-3,5-dihydroxy-heptanoic acid esters, can be 
obtained directly from the corresponding 1,3,5-tricarbonyl precursors ia a highly 
stereoselective manner via a mild and efBcient ruthenium-catalyzed asymmetric 

30 hydrogenation reaction utilizing chiral non-racemic diphosphine ligands in the 
presence of secondary activating agents such as protic acids. 
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the object of the present invention is a short and efiBcient process for the 
preparation of 5-(4-fluorophenyl)-l -[2-((2R,4R>4-hydroxy-6-oxo-tetrahydro- 
pyran-2-yl)-ethyl]-2-isopropyl-4-phenyl-lif-pyiTole-3-carboxylicacid 
phenylamide. The present process avoids the use of a costly chiral raw material 
5 ((R)-4-cyano-3-hydroxy-butyric acid ethyl ester), and a low temperature 

diastereoselective borane reduction. Furthermore, a key Paal-Knorr condensation 
step, common to the present and prior art processes, has been unproved through a 
significant decrease in reaction time. 

Thus, the present process has significant advantages over the prior art 
10 processes and is amenable to large-scale synthesis. 

SUMMARY OF THE INVENTION 



Accordingly, the first aspect of the present invention is an improved 
process for the preparation of a compound of Formula (13) 



"'^OH 




15 which comprises: 

Step (a) reacting a compiouhd of Formula (1) 

wherein R is alkyl, aryl, arylalkyl, or heteroaryl in a solvent 
compound of Formula (2) 
20 Rl-H (2) 
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whereinRlis-XRwherei 



XisO, 
S,or 

Se,orRlis 




10 



15 



wherein r2 or R3 is independently 
alkyl, 

cycloalkyl, 
aiylalkyl, or 
ai5i,or 

R2 and r3 together are 



-(CH2)4-. 
-(CH2)5., 

-(CH(R4>cH2)3-, 

-(CH(R4>cH2)4., 

-(CH(R4kcH2)2-CH(R4)>. 

-(CH(R4>(CH2)3-CH(R4))., 

-CH2-CH2-AiH2-CH2-, 

-CH(R4>ch2.a^:H2CH2-, 

-CH(R4>CH2-A-CH2-CH(R4). 

1 R4 is alkyl of from one to four carbon atoms, A is O, S, 
N and R is as defined above to afford a compound of 



Formula (3) 




1 (3) 



wherein R^ is as defined above; 
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Step (b) reacting a compound of Foimula (3) vnUi hydrogen in the 
presence of a catalyst and a strong acid in a solvent to afford a compound of 
Foimula (4) 

YH3N (4) 

S wherein Y is CI, Br, TsO, MsO, or HSO4, and is as defined above; 

Step (c) reactmg a compound of Formula (4) with a base in a solvent 
followed by the addition of a compound of Formula (S) 

R-CO2H (5) 

wherein R is as defined above in a solvent to afford a compound of 
10 Formula (6) 

R^O HjN^^^^^^'^^ (6) 

wherein R and r1 are as defined above; 

Step (d) reacting a compound of Fonnula (6) with Compound (7) 

' F ■: 




(7) 

15 in a solvent with removal of water to afford a compound of Formula (8) 
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wherein is as defined above; 

Step (e) reacting a compound of Fozmula (8) with a compound of 
Foraiula (9) 



OA, 



(9) 



wherein M is sodium, litfaiimi, potassium, zinc, magnesium, copper, 

caldum, or aluminum and r1 is as defined above, in a solvent in 
the presence of a strong base to afibrd a compound of Formula (10) 




(10) 



1 0 wherein is as defined above; 

Step (f) reacting a compound of Formula (10) with hydrogen in the 
presence of a catalyst in a solvent in the presence of an acid to afford a compound 
of Formula (11) 
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/ OH OHO 




v^erein is as defined above or a compound of Fonnula (1 la) 
F 



■ OH OH O 




OH 



(11a) 



Step (g) reacting a compound of Fonnula (1 lb) 
F 



/ OH OHO 




(lib) 



v^erein RI* is OH, -XR wherein 
XisO, 
S,or 

Se,orRlais 



PCT/IBOl/02729 



N r2 

I, 



M^erein R2 or R3 is independently 



aikyl, 

cycloalkyl, 
aiylalkyl, or 
aryI,or 

r2 and r3 togedia are 
-(CH2)4-, 

-(CH2)5-, 

-(CH(R4)^2)3-. 

<CH(R4>CH2)4-. 

-(CH(R4hCH2)2-CH(R4))-. 

-(CH(R4kCH2)3-CH(R4)>. 

-CH2^2-A-CH2-CH2-, 

-CH(R4>cH2-A-CH2CH2-, 

-CH(R4>CH2-A-CH2-CH(R4> . , _ 

wherein r4 is alkyl of from one to four carbon atoms, A is O, S, or 
N, and R is as defined above in a solvent in the presence of 
an acid, followed by reaction with a base, an acyladng 
agent, and an acylation catalyst in a solvent to afford a 
compound of Formula (12) 
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(12); and 



Step (h) reacting a compound of Formula (12) with HO-M in an alcohol of 
Formula (17) or (17b) 

H0CH2-Aryl (17) or HO-Allyl (17b) 
5 \s4ierein M is sodium, lithium, potassium, zinc, magnesium, copper, 

calcium, or aluminum; or with a compound of Formula (16) or (16b) 

M ® ® 0CH2-Aiyl (16) or M ® ® 0-Allyl (16b) 
vy^erein M is as defined above m an alcohol of Formula (17) or (17b) 
\Aerein aiyl or allyl in a compound of Fomiula (16) or (16b) and (17) or (17b) is 
10 the same, in a solvent followed by the addition of hydrogen in the presence of a 
catalyst and an acid to afford the compound of Formula (13). 

A second aspect of the present invention is an improved process for the 
preparation of a compound of Formula (8). 



F 




15 



wherein is as defined above which comprises: 
reacting a compoimd of Formula (4) 
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10 



r1 (4) 



YH3N 



wherein Y is CI, Br, TsO, MsO, or HSO4, and r1 is as defined above with 
a conq)Oiind of Formula (20) 

R-C02©©M (20) 

wherein R and M are as defined above with Compound (7) 

F 




(7) 



in a solvent with removal of water to afford a conq)ound of Formula (8). 
A third aspect of the present invention is an improved process for the 
preparation of compound (13) 




wiiich comprises: 

Step (a) reacting a compound of Formula (1 1) with an acetal of Formula 



(15) 
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R— ( (15) 

wherein and R^a are independently the same or different and are, 

methyl, ethyl, or -(CH2)n- wherein n is an mteger of 2 to 4, and R 
is as defined above in a solvent in the presence of an acid followed 
S by the addition of an aldehyde corresponding to the previous acetal 

in the presence of a base to afford a compound of Fomiula (14) 



R 




wherein and R are as defined above; 

Step (b) reacting a compoimd of Formula (14) in a nucleophilic solvent in 
10 the presence of an acid or optionally reaction with hydrogen in the presence of a 
catalyst and an acid in a solvent to afford the compound of Formula (13); and 

Step (c) alternatively, reacting a compound of Formula (1 1) or (1 la) in a 
non-nucleophilic solvent in the presence of an acid to afford a compound of 
Fomaula(13), 

IS A fourth aspect of &e present invention is a process for the preparation of 

a compound of Formula (1 lb) 
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OH OH O 



(lib) 



wherein ^ is OH, -XR wherein 
XisO, 
S.or 

Se, or Rials 



N B? 



i3 



i^^iernn R^ or R^ is independently 



alkyl, 

cycloallgri, 

•aiylalky^or 
10 aryl, or 

r2 and r3 together are 

-(CH2)4-. 

-(CH2)5-, 

KCH(R4)-CH2)3-. 
15 -(CH(R4).CH2)4-. 

KCH(R4hCH2)2-CH(R4))., 

-(CH(R4hCH2)3-CH(R4)H . 

-CH2-CH2-A-CH2-CH2-, 

-CH(R4)-CH2-A-CH2CH2-, 
20 -CH(R4)-CH2-A-CH2-CH(r4)- 
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wherein is alkyl of from one to four caibon atoms, A is O, S, or N, and 
R is alkyl, aryl, arylalkyl, or heteroatyl which comprises: 

Step (a) reacting a compound of Foimula (10) 
F 



0 0 0 




(10) 



wfaeiein is as defined above with one mole of hydrogen in the presence 
of a catalyst in a solvent in the presence of an acid to afford compounds of 
Formula (18) and/or Formula (1 8a) 
F 



OH O Q 




(18) and 




O OH O 



(18a) 
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wherein Rl is as defined above; and 

S*^(»')^««^eitheracompoundofFonnula(18)or(18a)Mdth 

Mrogen.thep«senceofacatalystinasolventintI.p:.enceo 
«ffi>rd a compouml of Fommla (1 lb). 

A filth of ft. ^ ^^^^^^ 

herein R is alkyj. aiyj. aiyJalfcy]. or hetexoaiyj. and 
R^isXR wherein 

XisO, 

S,or 

Se,orRlis 

N r2 

^3 wherein R2 or r3 is independently 

alkyl, 
<ycIoaIkyl, 
aiylalkyi, or 
aiylor 

R2 and r3 together are 
-(CH2)4-, 

-(CH2)5.. 

-(CH(R4>cH2)4-. 
-(CH(R4>(CH2)2-CH(R4)>, 
-(CH(R4xcH2)3.CH(R4)>, 
-CH2-CH2-A.CH2-CH2., ' 
-CH(R4>ch2-A-CH2CH2-, 
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-CH(R4).CH2-A-CH2-CH(R4> 



wdierein is alkyl of from one to four carbon atoms, A is O, S, or N and 
R is as defined above. 

Particularly preferred, is a compound of Fonnula (6) vdierein R is PhCH2' 

or(CH3)3-C-,andRlis — p . , 

More particulariy preferred, is a compound of Formula (6) vdierein R is 
PhCH2- and r1 is — N ^Q. 

A sixth aspect of the present invention is a compound of Formula (8) 



A seventh aspect of the present invention is a compound of Formula (1 0) 
or a pharmaceutically acceptable salt thereof 




A^iierein R^ is as defined above. 
Particularly preferred is a compound of Formula (8) wdierein R^ is 
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u u u 



(10) 



v^herein is as defined above. 
Particularly preferred is a compound of Formula (10) wherein is 

-Otertiary butyl, <)-isopropyl, -O-etbyl, -0-methyl, — >^ ^O, or -NMe2. 

An eighth aspect of the present invention is the compound of Formula (12) 

O 




A ninth aspect of the present invention is a compound of Formula (1 8) or a 
phannaceutically acceptable salt thereof 
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OH O 



(18) 



wherein is as defined above. 

Particularly preferred is a compound of Formula (1 8) i^erein is 

/~\ 

-O-tertiary butyl, -0-isopropyl, -O-elhyl, -0-methyl, — or -NMe2. 

A tenth aspect of the present invention is a compound of Formula (18a) or 
a pharmaceutically acceptable salt thereof 

F 



O OH O 




10 



(18a) 



wherein is as defined above. 

Particularly preferred is a compomd of Formula (18a) wherein R^ is 
-O-tertiary butyl, -0-isopropyl, -0-ethyl, -0-methyl, p , or -NMe2. 
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DETAILED DESCRffTION OF THE INVENTION 

The term "alkyl" means a straight or branched hydrocarbon radical having 
from 1 to 8 carbon atoms and includes, for example, methyl, ethyl, n-propyl, 
isopropyl, /i-butyl, sec-butyl, isobutyl, fer/-butyl, w-pentyl, w-hexyl, /i-heptyl, 
5 /M)ctyl, and the like. 

"Alkoxy" and **thioalkoxy" are 0-alkyl or S-alkyl of from 1 to 6 carbon 
atoms as defined above for "alkyr. 

The term "'cycloalkyr means a saturated hydrocarbon ring having 3 to 
8 carbon atoms and includes, for example, cyclopropyl, cyclobutyl, cyclopentyl, 
10 cyclohexyl,cycloheptyl,cyclooctyl, and the like. 

The term **aryr naeans an aromatic radical which is a phenyl group, a 
phenylalkyl groi?), a phenyl group substituted by 1 to 4 substituents selected from 
alkyl as defined above, aJkoxy as defined above, thioalkoxy as defined above, 
halogen, trifiuoromethyl, diallqy^lamino as defined above for alkyl, nitro, cyano, 
15 O 

-C-N(allgrl)2 as defined above for alkyl, -(CH2)n2-N(alkyl)2 wherein n^ is an 
integer of 1 to 5 and aH^l is defined above 

and -(CH2)n2-N-C-alkyl as defined above for alkyl and v?. 
I 

' - alkyl 

The term "allyr means a hydrocarbon radical of 3 to 8 carbon atoms, 
25 containing a double bond between carbons 2 and 3, unsubstituted or substituted by 
1 to 3 substituents on the carbons containing the double bond selected bom alkyl 
or aryl as defined above, and includes, for example, propenyl, 2-butmyl, 
cinnamyl, and the like.^ - ^ 

The term "aiylalkyr means an aromatic radical attached to an alkyl radical 
30 wherein aryl and alkyl are as defined above for example, benzyl, phenylethyl, 
3-phenylpropyI, (4-chIorophenyl)methyl, and the like. 

"Alkali metal'' is a metal m Group lA of the periodic table and includes, 
for example, lithium, sodium, potassiinn, and the like. 
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^Alkaline-earth metal'' is a metal in Group IIA of the periodic table and 
includes, for example, calcium, barium, strontium, magnesium, and the like. 

The temi "lieteroaryr means a 5- and 6-memb^ed heteroaromadc radical 
vMch may optionally be fused to a benzene ring containing 1 to 3 heteroatoms 
5 selected firom N, O, and S and includes, for example, a heteroaromatic radical 
D^ch is 2- or 3-thienyl, 2- or S-fiiranyl, 2- or 3-pyirolyl, 2-, 3-, or 4-pyridinyl, 
2-pyrazinyl, 2-, 4-, or S-pyrimidinyl, 3- or 4-pyridazinyi, lH-indol-6-yl, IH-^indol- 
5-yI, IH-benzimidazol-6-yl, IH-benzunidazol-S-yl, 2-, 4-, or 5-tfaiazolyl, 3-, 4*, or 
5-isotfaiazoIyl, 2-, 4-, or 5-imidazolyl, 3-, 4-, or 5-pyrazolyl, or 2- or 5-thiadiazolyl 
10 and the like optionally substituted by a substituent selected from alkyl as defined 
above, alkoxy as defined above, thioalkoxy as defined above, halogen, 
trifluoromethyl, dialkylamino as defined above for alkyl, nitro, cyano, 

O 

I 

1 5 -C-N(alkyl)2 as defined above for alkyl, -(CH2)ii2-N(alkyl)2 wherein n^ is an 

O 

I : 

integer of 1 to 5, and alkyl is as defined above, and -(CH2)ii2-N-C-alI^l as 

20 . alkyl 

defined above for alkyl and n^. 

Phannaceutically acceptable acid addition salts of ihe compounds of the 
present invention include salts derived from inorganic acids such as hydrochloric, 
nitric, phosphoric, sulfuric, hydrobromic, hydriodic, hydrofluoric, phosphorous, 

25 and the like, as well as the salts derived fit>m nontoxic organic acids, such as 
aliphatic mono- and dicarix>xylic acids, phenyl-substituted alkanoic acids, 
hydroxy alk^oic acids, alkanedioic acids, aromalic acids, aliphatic and aromatic 
sulfonic acids, etc. Such salts thus include sul&te, pyrosulfate, bisulfale, sulfite, 
bisulfite, nitrate, phosphate, monohydrogenphosphate, dihydrogenphosphate, 

30 metaphosphate, pyrophosphate, chloride, bromide, iodide, acetate, 

triflu£roacetate, propionate, capiylate, isobutyrate, oxalate, malonate, succmate, 
suberate, sebacate, fumarate, maleate, mandelate, benzoate, chlorobenzoate, 
methylbenzoate, dinitrobenzoate, phthalate, benzenesulfonate, toluenesulfonate, 
phenylacetate, citrate, lactate, maleate, tartrate, methanesulfonate, and the like. 
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Also contemplated are salts of amino acids such as alginate and the like and 
gluconate, galacturonate (see, for example, Berge S,M et al., "Pharaiaceutical 
Salts," j: ofPhamcL ScL, 1977;66:1). 

The acid addition salts of said basic compounds are prepared by contacting 
5 the free base fonn with a sufBcient amount of the desired add to produce the salt 
in the conventional manner. The free base foim may be regenemted by contacting 
the salt form with a base and isolating the free base in the conventional manner. 
The free base forms differ from then: respective salt fonns somewhat in certain 
physical properties such as solubility in polar solvents, but otherwise the salts are 

10 equivalent to their respective free base for purposes of the present inventioa 

Phannaceutically acceptable base addition salts are fonned with metals or 
amines, such as alkali and alkaline earth metals or organic amines. Examples of 
metals used as cations are sodium, potassiinn, magnesiimi, calciinn, and the like. 
Examples of suitable amines are N,N'-diben2ylethylenediamine, chloroprocaine, 

15 choline, diethanolamine, dicyclohexylamine, ethylenediamine, 

N-methylgliicamine, and procaine (see, for example, Berge S.M. et al., 
"PhannaceuticalSalts,"7. a/P/iOT«a5ci,1977;66:^ 

The base addition salts of said acidic compounds are prepared by ' 
contacting the free acid form with a sufScient amount of the desired base to 

20 produce the salt in the conventional manner. The free acid form may be 

regenerated by contacting the salt form with an acid and isolating the free acid in 
the conventional maimer. The free acid forms differ from their respective salt 
forms somewhat in certam physical properties such as solubility in polar solvents, 
but otherwise the salts are equivalent to theu: respective free acid for purposes of 

25 the present invention. 

Additionally, &e compounds of the present invention can exist ia 
unsolvated forms as well as solvated forms, includmg hydrated forms. In general, 
the solvated forms, including hydrated forms, are equivalent to unsolvated forms 
and are intended to be encompassed within the scope of the present invendon. 

30 The foUowmg list contains abbreviations and ac^nyms used wilhm the 

schemes and text: 
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H2S04 


ouiiunc acid 




NaOMe 


Sodium melhoxide 




MeOH 


Methanol 






Metnyi tert-Dutyi etlier 




vjC 


Gas chromatography 




rt/C 


Platinum on carbon 




Pd/C 


Palladium on caibon 




H2 


Hydrogen 




HCl 


Hydrochloric acid 


10 


Hg 


Mercury 




psi 


Pounds per square inch 




iPtOTT nPA\ 

uriKjn \Lir\j 


ISKipropjri BlCQUUi 




HPLC 


ICdi nressufe litiiiid cfimTnatrMrranhv 




NaOH 


Sodium hydroxide 


15 




Dichloromethane rmethvlene chloride^ 






jLieiiieraiea aimetnyisujioxiae 




THF 


TTi-i f A .1,1 

1 etranyoroturan 






DOCilUIIl SUImlC 






n-i^uty i iitniuTn 


20 


NaCI 


Sodium chloride 

********** wa ^ a A ^ 




KOtBu 


Potassium tert-butoxide 




NaHCOs 


Sodium bicartx>nate 




BnOH 


Benzyl alcohol 




Pd(0H)2/C 


Palladium hydroxide on caibon 


25 


H2O 


Water ' 






A iVallC avlu 




PhCHO 


Benzaldehyde 




PhCHs 


Toluene 




CDCI3 


Deutmted chloroform 


30 


BnONa 


Sodium benzylate 




NH4OH 


Ammonium hydroxide 
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PhCH(0Me)2 
. MsOH 
pTsOH 
CSA 
5 Ph 
NaH 
KH 
EtOAc 

tBuOH(HOtBu) 
10 PhCH2C02H 

NaNH2 
KHMDS 
LAH 
Pd/Al203 

15 'APCI 
ESI 

Da 

iHNMR .. 
13c NMR ,, 
20 BINAP • 
pTol-BINAP 
Cl-MeO-BPHEP 

C2-TuiiaPhos 

25 

C4-TuiiaI%os 

MeO-BIPHEP 

30 p-cymene 
ee 



Benzalddyde dimediyl acetal 
Methanesulfonic acid 
paia Toluenesulfonic add 
Camphoisulfonic acid 
Pben3d 

Sodium hydride 
Potassium hydride 
Ethyl acetate 
tert-Butanol 
Phenylacetic acid 

Sodium amide 

Potasaum hexametl^Ididlaade 
Lithium alumimim hydride 
Palladium on alumina 

Atmospheric pressure chemical ionization 
Electrospray ionization 
Duect chemical ionization 

Proton nuclear magnetic resonance spectroscopy 
13Carbon nuclear msignetic resonance spectroscopy 
(R)-(+>2^'-Bis(diphenylphosphino>l,r-binq>hthyl 
(RH+>Bis(di-p-tolyl-phosphino)-l,l'-binaph%l 
[(RH+W'-DicUoro^.e'^ethoxyEl.l'-bildienyl]- 
2,2'-diyl]-bi8^phenylphosphine 
[(12aR)-6,7-dihydrodibenzo[e,g][l,4]dioxocin>l,12« 
' di^]-bis>diphenylphosphine 
[(14aR)-6,7,8,9-tetrahydrodibenzo[b,dl[l,6]dioxecin- 
l,14-diyl]-bis-diphenylphosphine 
[(lS)-(-)-6,6'-Dimethoxy[l,l'.biphenyl]-2^'-diyl]-bis- 
diphenylphosphine 
4-isopropyltoluene 
Enantiomeric excess 
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HRMS High resolution mass spectrometry 

m/z Mass to charge ratio 

^ Retention time 

The process of the present invention in its first aspect is a new, improved, 
economical, and commercially feasible method for the preparation of the 
compomid of Formula (13) 




The process of the present invention in its first aspect is outlined in 
Scheme 1. Thus, a compound of Formula (1) wherein R is alkyl, aryl, arylalkyl, or 
10 heteroaryl is reacted with a compound of Fonnula (2) wherein R1 is -XR wherem 

XisO, 
S, 

SeorRl is 



N r2 



i3 



wherein R^ or R^ is independently 



15 alkyl, . 

cycloalkyl. 



aiylallqrl, or 
aiyl, or 

r2 and r3 together are 
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-(CH2)4-* 

-(CH2)5^ 
.(CH(R4>CH2)3-, 

KCH(R4>CH2)4-, 
5 -(CH(R4hCH2)2-CH(R4))., 
-(CH(R4hCH2)3-CH(R4)K 
-CH2-CH2-A-CH2-CH2-, 
-CH(R4)-CH2-A-CH2CH2-, 
-CH(R4k:H2-A-CH2-CH(R4). 

10 wherein R4 is alkyl of from one to four carbon atoms, A is O, S, orN and 

R is as defined above in a solvent such as, for example, me&yl 
tertiary butyl ether, and the like, to afford a compound of 
Formula (3) v\^ereas is as defined above. Preferably, flie 
reaction is carried out with a compound of Formula (2) wfamin 

IS r1-H is moxpholine m meth}1 tertiary butyl etiier. 

A conq)qund of Formula (3) is reacted mih hydrogen in the presence of a 
catalyst such as, for example, Pt/C, Pd/C in the presence of an acid such as,, for 
example, a strong acid, for example, hydrochloric aad, hydrobromic acid, 
p-toluenesulfonic acid, methanesulfonic acid, sulfuric acid, and the like 

20 (optionally the reduction is carried out with Sponge Ni/NH40H, metal hydrides, 
and the like, to afford the free base of a compound of Formula (4)) in a solvent 
such as, for example, methanol, ethanol, and the like to afford a compound of 
Foimida (4) whereui Y is CI, Br, TsO, MsO, or HSO4 and r1 is as defined above. 
Pref^ably, the reaction is canied out in the presence of Pt/C, hydrochloric 

25 acid and hydrogen in methanol. 

A compound of Formula (4) is reacted with a base such as, for example, 
sodium methoxide and the like m a solvent such as, for example, tetcahydrofuran, 
toluene, methyl tertiary butyl ether, and the like, and in an alcohol such as, for 
example, isopropanol, ethanol, methanol, and the like, to afford the free base 
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followed by reaction with a compound of Foimula (5) %^erein R is as defined 
above in a solvent such as, for example, isopropanol, tetrahydrofuran, and &e like 
to afford a compound of Formula (6) wherein R is as defined above. Optionally, 
the firee base of a compound of Formula (4) may be reacted with a compound of 
5 Formula (5) to afford a compound of Fonnula (6). Preferably, the reaction is 

canied out with sodium methoxide in metibyl tertiary butyl ether and methanol to 
afford the fiee base followed by reaction with phenylacetic in tetrahydrofuraa 

A compound of Formula (6) is reacted with the compound of Fonnula (7) 
in a solvent such as, for example, a protic, an aprotic, a polar or a non-polar 

1 0 solvent, for example, tetrahydrofiiran and the like with removal of water with the 
aid of a chemical drying agent such as, for example, molecular sieves and the like 
or with the aid of a Dean-Staric water trap or using azeotropic distillation with a 
suitable solvent such as, for example toluene and the like to afford a compound of 
Fonnula (8) wherein R^ is as defined above. Preferably, the reaction is carried out 

1 5 with activated 3 A molecular sieves in tetrahydroiuran. 

A conq>ound of Formula (8) is reacted with a compound of Formula (9) 
wherein M is sodium, lithium, potassium, anc, magnesium, copper, calcium, or 
aluminum is as defined above in a solvent such as, for example, a 
nonreactive aprotic solvent, for example, tetrahydrofiuan, toluene, and the like in 

20 the presence of a strong base such as, for example, n-butyUidiiun^ 

potassium hexamethyldisilazide, lithium diisopropylamide, and the like to afford a 

compound of Formula (10) v^erein r1 is as defined above. Preferably, the 
reaction is carried out with a compound of Fonnula (9) wherein M is sodium, the 
base is n-butyllithium and the solvent is tetrahydrofiiran. 

25 The carbonyls of a compound of Formula (10) in Scheme 1 are shown in 

the keto form. However, a compoimd of Formula (10) can undergo "keto-enol" 
tautomerism and thus can exist in several tautomeric forms vMoh are 
encompassed within the present invention. 

A compoimd of Formula (1 0) is treated with hydrogen in the presence of a 

30 catalyst such as, for example, a chiral non-racemic ruthenium (II)-diphosphine 
complex. For example, a ruthenium catalyst precursor such as [dichloro-(l,5- 
cyclooctadiene)] ruthenium (II) oligomer and chiral diphosphine ligand such as 
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[(RH+>2^'-i>is(diphenyl-phosphmo>l,l'-biii^hthyl]. However, any chiral non- 
racemic ruthemum (II)/diphosphine combination may be employed in this 
reduction reaction. For example, rudienium (II) catalyst precursors include 
[dibromo-(l,5-cyclooctadiene)] ruthenium (II) dimer, [bis-(2-methaIIyl)cycIoocta- 



diylbis(diphenylphosphine), 6,6'-dimethoxy[l,l'-biphenyl>2,2'-diyl]bis- 
diphraylphosphine, [5,5'-dicWoro-6,6'-dimethoxy[l,l'-bipheivl]-2,2'^yI>^^ 
diphenylphosphine, and l,2-bisC2,5-dimethylphospholano) derivatives and the like 
in a solvent such as, for example, methanol, elhanol, isoprppanol, and the like, 

IS ; ^ optipnaUy in the presence ofacp-solvent, for example 

tetrahydrofuran, toluene and the like in the presence of an acid such as, for 
example, hydrochloric add, hydrobromic acid, powex® ion exchange resin, and 
the like to afford a compound of Formula (11) or a compound of Formula (1 la) 
v^erein is as defined above. Preferably, the reaction is canied out with 

20 dicUoroO?-cymehe) ruthenium (B) dimer and [(R)-(+)-5,5'-dichloro-6,6'- 

dimethoxy[l,r-biphenyl]-2^'-diyl]-bis-diphenylphosphine in methanol in the 
presence of hydrobromic acid. 



10 



5 



1,5-diene] ruthemum (II) complex and [dichloro(/7-cymene)] ruthenium (II) dimer, 
and the like. Examples of effective chiral diphosphine ligands include 2,2'- 
bis(di-/^•tolyI-phosphino>l,^-binaphthyl, 2-diphenyl-phosphinomethyl-4- 
diphenylphosphino-l-/er/-butoxy-carbonylpyrrolidine, 
tricyclo[8.2.2.24,7]hexadeca-4,6,10,12,13,15-hexaene-5,ll-di)d- 
bis(diphenylphosphme) derivatives, 4,4'-bidibenzofuran-3,3'- 



A compound of Formula (1 lb) wherein R^* is \\^erein R^^ is OH, -XR 



wherein 



25 



XisO, 
S,or 

ScorRl^is 




wherein r2 or r3 is independently 



30 



alkyl, 

cycloalkyl. 
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arylalkyi, or 
aryl,or 

R2 and r3 together are 
-(CH2)4-, 

5 -(CH2)5-, 

-(CH(R4).CH2)3-, 

<CH(R4>CH2)4-, 

-(CH(R4hcH2)2-CH(R4)>, 

<CH(R4hCH2)3-CH(R4))., 

10 -CH2-CH2-A-CH2-CH2-, 

-CH(R4>CH2-A-CH2CH2-, 

-CH(R4>CH2-A<:H2-CH(R4> 

vdierein r4 is aDc^ of fiom one to four caibon atoms, A is 0, S, 
R is alkjd, ar^ aiylalkyl, or heteroaiy 1 is reacted vnSi an acid such as, for 

15 example, /T-toluenesuIfonic acid, camphor-sulfonic add, sulfuric acid, iQ^drogen 
chloride, and the like in a non-nucleophilic solvent such as, for example, toluene, 
acetonitrile, dichloromethane, methyl tertiary butyl ether, and the like, followed 
by reaction with a base, such as, for example, triethylamine, pyridine, 
diisopropylethylamine, and the like, and with an acylating agent, such as, for 

20 example, acetic anhydride, benzoyl chloride, benzyl chlorofonnate, and the like, 
in the presence of 4-dimethylaminopyridine to afford the compound of Formula 
(12). Preferably, the reaction is carried out in toluene in the presence of 
/>-toluenesiilfonic acid, followed by treatment with triethylamine, acetic 
anhydride, and 4-dimethylaniinopyridine in toluene. 

25 A compound of Formula (12) is reacted with HO-M in an alcohol of 

Formula (17) or (17b) wherein M is sodiiun^ lithixmi, potassium, zinc, magnesium, 
copper, calcium, or alummum, or with a compound of Formula (16) or (16b) 
wherein M is as defined above in an alcohol of Formula (17) or (17b) i^erein aryl 
or allyl in a compound of Formula (16) or (16b) and (17) or (17b) is the same, in 

30 an optional cosolvent, sudi as, for example, a nonnucleophilic solvent, for 
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example, acetone, tetrahydrofiiian, 1,2-dixnethoxyetbane, and the like, followed by 
the addition of hydrogen in the presence of a catalyst, such as, for example, 
Pd(0H)2/C, Pd/C, Pd/Al203, and the like, in the presence of an acid, sudi as, for 
example, hydrochloric acid, hydrobromic acid, sulfuric acid, and &e like, to afford 
5 the compound of Formula (13). Preferably, the reaction is carried out vn&i sodium 
hydroxide in benzyl alcohol followed by hydrogenation in the presence of 
Pd(0H)2/C and sulfuric acid. 

The process of the present invention in its second aspect is outlined in 
Scheme 2. Thus, a compound of Fomiula (4), prepared as described in Scheme 1, 

10 is reacted with a compound of Formula (20) wherein R and M are as defined 
above and a compound of Fomiula (7) with removal of water with the aid of a 
chemical drying agent such as, for example; molecular sieves and the like or with 
the aid of a Dean-Stark water trap or using azeotropic distillation with a suitable 
solvmt such as, for example tetrahydrofuran, toluene, and the like, to afford a 

IS compound of Formula (8) wherein is as defined above. Preferably, tiie reaction 
is carried out with a compound of Formula (20) wherein R is PhCH2 and M is 
so(fium in die presence of activated 3 A molecule 

Tlie process of the present invention in its third aspect is outlined in 
Scheme 3. Thus, a compound of Formula (1 1) is reacted witii an acetal of Formula 

20 (1 5) wherein R5 and R^a are independently the same or different and are, methyl, 
ethyl, or -(CH2)n- >^*erein n is an integer of 2 to 4, and R is as defined above in 
tiie presence of an acid such as, for example, hydrochloric acid, pyridinium 
/^>toluenesulfonate,/^-toluenesulfonic acid and the like in a solvent such a^ for 
example, toluene, dichloromethane, methyl tertiary butyl ether, and the like, 

25 , foUqwed by tiie addition of an aldehyde corresponding to tiie previous acetal of 
Foroiula (15) in the presence of a strong base such as, for example, a non- 
nucleophilic base, for ^cample, potassium tertiary butoxide, potassium 
bis(trimethylsilyl) amide, l,8-diazabicyclo[5.4.0] undec-7-ene and the like, to 

afford a compouml of I^omaula (14) v^erein r1 and R are as defined above. 
30 Preferably, the reaction is canied out with benzaldehyde dimetiiyl acetal in 
toluene in the presence of /7-toluenesulfonic acid followed by the addition of 
benzaldehyde and potassium tertiary butoxide in tetrahydrofuran. 
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A compound of Fonnula (14) is reacted with hydrogea in the presence of a 
catalyst such as, for example, palladium on carbon or platinum on carbon and the 
like in the presence of an acid such as, for sample, hydrochloric acid and &e like 
in a solvent such as, for ^cample, toluene, tetrahydrofuran, methyl tertiary butyl 
5 ether, ethyl acetate, and the like, and an alcohol, such as, for example, methanol, 
ethanol, and the like, to afford a compound of Fomoiula (13). Preferably, the 
reaction is carried out in toluene in the presence of platinum on carbon in the 
presence of methanol in the presence of hydrochloric acid 

Optionally, a compound of Fonnula (14) is reacted with an acid such as, 
10 for example, hydrochloric acid, pyridinium /Moluenesulfonate, /^-toluenesulfomc 
acid, and the like, in a solvent such as, for example, toluene, dichloromethane, 
methyl tertiary butyl ether, and tiie like to afford the compound of Formula (13). 
Preferably, die reaction is carried out in methylene chloride in the presence of 
/7-toluenesulfonic acid. 
15 Alternatively, a compoxmd of Formula (1 1) is reacted with an acid, such 

as, for exaidple, hydrodiloric acid, hydrobromic acid, /^-toluenesulfonic acid, and 
the like, in a non-nucleophilic solvent, such as, for example, toluene, ace^nitrile, . 
methyl tertiary butyl ether, tetrahydrofiiran, and the like, to afford a compound of 
Formula (13). Preferably, the reaction is carried out in toluene in tiie presence of 
20 /7-toluenesuIfonic acid. 

The process of the present invention in its fourth aspect is outlined in 
Scheme 4. Thus^ a compound oif Formula (10) herein is as defined above is 
reacted with one molar equivalent of hydrogen in the presence of a catalyst using 
the methodology described above for the conversion of a compound of Formula 
25 (10) to a compound of Formula (1 1) to a£ford either a compound of Formula (18) 

or Fonnula (1 8a) wherein is as defined above or a mbctiir^ fh^Ntot A liiixture " 
of compounds of Fonnula (18) and (18a) may be separated using convendonal 
methodology, such as, for example, chromatography arid the like^ Fr^erably, a 
mixture of compounds of Formula (1 8) and (1 8a) is separated using HPLC. 
30 A compound of Formula (1 8) or (1 8a) or a mixture thereof is reacted with 

hydrogen in the presence of a catalyst as described above for preparing a 
compound of Formula (1 1) to afford a compound of Formula (1 lb) wherein R^^ 
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is as defined above. Preferably, the reaction is carried out using at least one molar 
equivalent of hydrogen. 

The compound of Fonnula (13) can be converted to atorvastatin calcium 
(19) using the procedures disclosed in United States Patents No. 5,273,995 and 
5 5,969,156. 

The follovidng nonlimiting examples illustrate the inventors' preferred 
methods for preparing the compounds of die invention. 
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Scheme 2 

F 
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EXAMPLEl 

5.(4-fluorophenyI>l-I2-((2R,4RH-hydroxy-6-oxo-tetrahydro-py^ 
ethyll-2-isopropyl-4-phenyl-LH-pyiTole-3-carboxylic acid phenylamidc 

Step 1: 3>Mon)holin-4'Vl»3-oxo>propionitrile 

5 

A nitrogen inerted reactor equipped with reflux condenser, nitrogen inlet 
and mechanical stining is diarged Avith moipholine (12 mol), methyl 
cyanoacetate (1.0 mol) and MtBE (52 mL). The homogeneous solution is heated 
to CO. 55'C and stirred at that tenq)erature for 12 to 18 hours. MtBE (33 mL) is 

10 added over ca. 15 minutes, and the solution is slowly cooled below 50°C yHoK 
nucleation becomes evident Additional MtBE (66 mL) is added over a l-hour 
period. During this time, the reaction is allowed to cool to near ambient 
temperature. After complete MtBE addition, the reaction is cooled with stining to 
ca. 0°C. The resulting precipitate is collected via £dtration and the cake is washed 

15 with additional MtBE (ca. 40 mL). The solid is dried under vacuum at ca 45°C to 
provide 3-morpholin-4-yl-3-oxo-propionitrile (139 g). This material is used in 
subsequent steps without further purification. 
jn/z(APCI(OT+l)) 154.9;calcdforC7HioN202 154.07. 

Step 2: 3-Amino-l-moroholin-4-vl-propan-l-one: hvdrochloride 



20 



HCI, MeOH 

A nitrogen inerted reactor is charged with 5% Pt-C (43 g; 58% water-wet) 
followed by 3-moipholin-4-yl-3-oxo-propionitrile (2.8 mol). A solution of MeOH 
(3.4 L) and 12N HCI (3.08 mol) is added at such a rate as to maintam an mtraial 
temperature of ca. 25**C. The vessel and its contents are degassed v/a tiireeN2 
25 pressxire purges (50 psi). The atmosphere is switched to hydrogen via three H2 

pressure purges (50 psi), and the reaction is stirred vigorously at ca. 25**C under a 
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sustained pressure of hydrogen (50 psi) for ca. 24 hours. The H2 pressure is 
released and replaced with N2. The reaction is passed through filter agent, which 
is subsequently washed with MeOH (500 mL). The reaction is concentrated in 
vacuo to a volume of ca. 1 .4 L, and IPA (2.2 L) is added. The reaction mixture is 
5 cooled to OX and filtered. The filter cake is washed with MtBE (500 mL) and 
dried under vacuum at ca 30®C to provide 3-amino-l-morpholin-4-^-propan-l- 
one, hydrochloride as a vMtc solid (439 g). This material is used in subsequent 
steps without fatOiec purificatioiL 

iH NMR (400 MHz, DMSO) 5 2.72 (t, 2H, J = 6.78), 2.96 (t, 2H, J* 6.77), 3.83- 
10 3.44 (m, 2H), 3.52-3,58 (m, 2 H), 8.08 (bs, 3H). 

13c NMR (100 MHz, DMSO) 5 168.4, 65.9, 45.1, 41.45, 35.1, 29.6. 
Free base: m/z (APCI(m+l)) 1592; calcd for C7H14N2O2 158.1 1. 

- Step 3: 3*Amino-l-morpholin*4-vl>proT>an-l'One: compound with phenvlacetic . 
- O L25%NaOMe ^ ^ 1 o 

j5 ^ B.PhCH2C02H • ^ 

A reactor is charged with 3-amino-l-moipholin-4-yl-propan-l^ 
hydrochloride (765 mmbl). MeOH (380 mL) is added, and the mixture is stirred 
vigorously at room temperature for ca. 10 minutes. MtBE (380 mL) is added and 
the resulting slurry is cooled to - WC, where a 25% (w/w) MeOH solution of 

20 NaOMe (765 mmol) is added slowly via addition funnel at such a rate as to 

maintain an intmial temperature of ca. -lOX. The resulting suspexision is stirred 
vigorously under a N2 atmoq)here as it is allowed to warm to b**C. Solids are 
removed via filtration, rinsing with additional MtBE (50 mL). Solvent is removed 
in vacuo to provide the free base as a crude oil that is taken up in MtBE (600 mL). 

25 The mixture is cooled with vigorous agitation to ca. O^'C, where phenylacetic acid 
(765 minoi) is added slo^dy as a solution in MtBE (300 mL). The reaction 
mixture is stirred an additional 10 minutes after complete addition, during which 
time the product precipitates out of solution. The solids are collected via filtration. 
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washed with additional MtBE (100 mL) and dried under vacuum at ^40°C to 
provide 3-amino-l-moipholin-4-yl-propan-l-one; compound with phenylacetic 
acid (191 g). This material is carried on to subsequent steps without further 
purification, or optionally, it can be re-precipitated firom MtBE. 
5 iH NMR (400 MHz, DMSO) 5 2.55 (t, 2H, 7= 6.78), 2,86 (t, 2H, 6 J8) 3.62 
(t, 2H), 3.42 (t, 2 H), 622 (bs, 3H), 7.25.7.12 (m, 5H). 
13c NMR (100 MHz, DMSO) 5 174.2, 169.0, 1382, 129.2, 127.8, 125.5, 66.0, 
452,44.4,41.4, 35.7,31.6. 

Step 4: 5>f4>FluorophenvlV2-isQpropyl-W3-mQrDholm-4 -vl-3^xo>DroDvlV4> 
10 phenvl-lff-pvrrole-3-carboxvlic acid ohenvlamide 

METHOD A 




A nitrogen inerted reactor, equipped with a suitable reflux condenser and 
soxhlet extractor contaming freshly activated 3 A molecular sieves (4-8 mesh; 

15 97.2 g), is charged with 3-aniino-l-morpholin-4-yl-propan-l-one, compound with 
phenylacetic acid (765 mmol) and 2-[2-(4-fluorophenyl>-2-oxo-l-phenyl-ethyl]-4- 
methyl-3-oxo-pentanoic acid phenylamide (450 nunol). THF (360 mL) is added, 
and the resulting solution is stined vigorously as the reaction is heated at reflux 
temperature for ca. 24 hours, dur^ 

20 Half-saturated aqueous NaHCOs (100 mL) is added, and the reaction mixture is 
cooled with continued stirring to ca. O'^C. MtBE (100 inL) is added, and the solids 
are collected via jBltration. The solid is washed witii distilled water (100 mL) and 
MtBE (2 X 1 00 mL), collected, and dried under vacuum at <50X to afford 5-<4- 
fluorophenyl)-2-isopropyl-lK3-morpholin-4-yl-3-oxo-propyl)-4-phenyl-l/f- 

25 pyrrole-3-carboxylic acid phenylamide as a white solid (1 94 g). This material is 
carried on to subsequent steps without further purification. 
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mh (AFCKm-l)) 53B2; (APCI(m+l) 540^ calcd for C33H34FN3O3 53926. 



METHODS 




e e 



THF(4i20) 




A nitrogen inerted reactor, equipped with a suitable reflux condenser and 
5 soxhlet extractor containing freshly activated 3A molecular sieves (4-8 mesh; 
36 g), is charged with 3-amino-l-morpholin-4*yl-propan-l-one hydrochloride 
(170 mmol), phehylacetic acid sodium salt (170 mmol) and 2-[2-(4-fluorophenyl> 
2-oxo-l-phOTyl-ethyl]-4-methyl-3-oxo-pentanoic acid phenylamide (100 mmol). 
XHF (ISO mL) is added, and the lesolting solution is stined vigorously as the 
10 reaction is heated at liefiux tempoatuxe for ca 24 hours» during which tune tiie 

: 

tiie reaction mixture is cooled with continued stirring to ca. OX. M^E (100 mL) 
is added, bid the solids are collected via filtration; The yellow-6oloired solid is 
washed with distillal wiSer (15 mL) and MtBE (2 x 15 inL),"c6UTOtfii,-^ 
15 under vacuum at ^0°C to aflFord 5-(4-fluorophenyl)-2-isopropyl-l-(3-morphoIin- 
4-yl-3-<)xo-propyl)-4-phenyI-l//^pyrrole-3K:arboxy^ acid phenylamide as a 
white solid (42.1 g). This material is carried on to subsequent steps without iurther 
purification; 

iia/z (APCI(m.l)) 538.2; (APCI(i7rHl) 5402; calcd for C33H 
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o 



A nitrogen inerted reactor equipped with reflux condenser, nitrogen inlet 
and mecfaanical stirring is charged with morpholine (1.2 mol), methyl 
5 cyanoacetate (1 .0 mol), and MtBE (52 mL)- The homogeneous solution is heated 
toco. 55*^0 and stirred at that temperature for 12 to 18 hours. MtBE (33 mL) is 
added over ol 15 minutes, and the solution is slowly cooled below SO'^C until 
nucleation becomes evident Additional M^E (66 mL) is added over a 1-hour 
period During this time, the reaction is aUowed to cool ^ 
10 'tsmj^^ 

ca. O^C. Hie resulting precipitate is collected via filtration and the cake is washed 
with additional MtBE (40 mL). The crude 3-morpholin-4-^-3-oxo-propiomtrile is 
taken up in MeOH L) and transferred to a nitrogen inerted pressure reactor that 
has been charged wift 5% Pt-C (55 g; 58% water-wet). HCl (12 N; 1.1 mol) is 

15 added at such a rate as to maintain an internal temperature of ca 25^C. The vessel 
and its contents are degassed via three N2 pressure purges (50 psi). The 
atmosphere is switched to hydrogen via three H2 pressure pmrges (50 psi), and the 
reaction is stined vigorously at ca. IS'^C under a sustained pressure of hydrogen 
(50 psi) for ca. 24 hours. The H2 pressure is released and replaced with N2. The 

20 reaction is passed through filter agent» \^ch is subsequently washed with MeOH 
(500 mL). The reaction is concentrated to a MeOH-wet solid, which is reslurried 
in BPA (100 mL). The slurry is cooled to 0"C and filtered. The filter cake is 
washed with cold (O^^C) IPA (75 mL) and reslurried m MeOH (500 mL) and 
MjteE (500 mL). The slurry is cooled with agitation to -lO^'C where a 25% (w/w) 
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solution of NaOMe in MeOH (1 mol) is added dropwise at such a rate as to 
n>A Tntflm an internal reaction temp^ature of <-S^C. The resulting suspension is 
filtered to afford a clear solution of free base. The solvent is removed in vacuo to 
provide a crude oil that is taken iq) in THF (450 mL) and cooled to ca. OX. This 
5 solution is transferred into a nitrogen inerted reactor that contains phenylacetic 
acid (1.0 mol) and 2-[2-(4-fluorophenyl)-2-oxo-l-phenyl-ethyl]-4-methyl-3-oxo- 
pentanoic acid phenylamide (590 mmol). The reactor is equipped with a suitable 
reflux condenser and soxhlet extractor containing freshly activated 3 A molecular 
sieves (4-8 mesh; 125 g). The resulting solution is stirred vigorously as the 
10 reaction is refluxed under a N2 atmosphere for ca. 24 hours, during which time I 
the product begins to precipitate. Half-saturated aqueous NaHC03 (130 mL) is 
added slovdy, and the reaction mixture is (^led with continued stirring to ca. 

\ 

d^C. MtBE (130 mL) is added, and the solids are collected via filtration. The solid 
is washed with disdlled water (130 mL) and MtBE (2 x 130 mL), collected, and 

i 

15 dried under vacuum at ^OX to afford 5-(4-fluorophenyl)-2-isopropyl-l-(3- | 
morpholin^yl-3-oxo-propyl)-4-phenyl-l/f-pyrroleOH::^ 

phenylamide as a white solid (223 g). lliis material is carried on to subsequent | 
steps without further purificatioa 

ffj/z (APCI(w.l)) 538.2; (APCI(m+l) 5402; calcd for C33H34FN3O3 53926. 

20 Step 5: 7-r2-(4-FluorophenvlV5-isopropvl-3-phenvM-phenvlcarbamovl-pvrrol-l- j 
vl1'3.5-dioxo-heptanoic acid ethvl ester ! 

METHOD A 




A dry, nitrogen inerted reactor is charged with sodium hydride 
25 (300 mmol). Anhydrous THF (150 mL) is added and the resulting mixture is 
cooled under nitrogen to ca. -20''C. Ethyl acetoacetate (307 mmol) is added at 
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such a rate as to maintain an internal reaction temperature of <-10X. The addition 
is followed by a THF rinse (30 mL) and the resultmg solution is stirred for 
approximately 45 minutes at <-l O^C. The temperature is allowed to cool to ca. 
A 8^C. A 10.0 M solution of n-BuIi in hexanes (300 mmol) is added at such a rate 
5 as to maintain an internal reaction tempemture of <r4^C. The addition is followed 
by a THF rinse (30 mL) and the resulting orange solution is stirred for about 
90 minutes at ^*'C. The temperature is allowed to cool to ca. -25'*C. To the 
solution of dienolate is added 5-(4-fluorophenyl)-2-isopropyH-(3-morphoIin-4- 
yW-oxo-propyl)-4-phenyl-l/f •pyrrole-3-carboxylic acid phenylamide (74 mmol), 

10 and die resulting sluiiy is stirred at ca. -23^C for 20 hours. The reaction is 

quenched into a mixture of 18% aqueous HCl (898 mmol) and MtBE ^0 rnL) at 
such a rate as to maintain an internal reaction temperature of <-2^C. The reactor 
and transfer system is rinsed witii THF (30 mL) and transferred to fte reaction 
mixture. The two-phase solution is allowed to warm to ca. 20^C with stirring. Tlie 

15 mixtoeistra^ : 
separate. The organic layer is washed with water (33 mL) and sadtijcrated a^^ 
^ NaCj (33 mL). All aqueous layers are back-ex&acted with MtBE (40 mL). The 
two organic lay^ are combined and concentr^ed in vacuo to a oude oil 
maintaining an internal batch temperature of <60^C. EtOH (24 mL) is added to the 

20 oil and, again, the mixture is concentrated in vacuo. EtOH (330 mL) and water (33 
V mL) are immediately added to the resulting oil, and the solution of product is 
allowed to stand at ^lOX for co. 14 hours. The resulting solid is collected, 
washed with cold 20% aqueous EtOH (1 00 mL) and dried in vacuo to afford 7-[2- 
(4-£Iuorophenyl>5-isopropyl-3-phenyM-phenylcarbamoyl-pyrrol-l-yl]-3,5- 

25 dioxo-hq)tanoic acid, ethyl ester (35.6 g) as a "^te solidi This material is carried 
on to subsequent stq>s without further purification, or. optiondly, it can be re- 
precipitated fi:om IPA/H2O. 

HRMS m/z (ESI(ot-1)) 581.2463; calcd for C35H35EN2O5 582.2530. 

In a process analogous to Step 5 METHOD A, by substituting the 
30 appropriate ester or amide of acetoacetic acid for ethyl acetoacetate, one obtains 
the following compounds: 
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7-[2<4-nuorophenyl>5-isopropyl-3-phenyl'4-phenylcaibamoyI-p 
yl]-3,5-dioxo-heptanoic acid, /erz-butyl estex, 

HRMS ni/z (ESI(w.l)) 609.2772; APCI(ffH-l) 61 1.3; calcd for C37H39FN2O5 
610.2843. 

7-[2-(4-Fluorophenyl>5.isopropyl-3-phenyl-4-phenylcarbainoyl-pyiTol-l. 
yl]-3,5-dioxo-heptanoic acid, isopropyl ester. 
m/z (DCI(7w+l)) 597; calcd for C36H37FN2O5 596,27. 

7-[2-(4-Euorophenyl>5-isopropyl-3-phenyl-4-phenylcarbamoyl-p^ 
yl]-3,5-dioxo-heptanoic acid, mefliyl ester. 
mfz (DCI(w+l)) 569; calcd for C34H33FN2O5 568.24. 

7-[2-(4-nuorophenyl>5-isopropyl-3-phenyl-4-phenylcarbm^ 
yl]-3,5*dioxo-heptanoic acid, moipholino atnide. 
HRMS m/z (ESI(wl)) 622.2715; calcd for C37H38FN3O5 623.2795. 

7-[2-(4-FluorophenyI)-5-isopiopyI-3-phenyl-4-phenylcarbamoyl^^ 
yl]-3,5-dioxo-heptanoicacid,JSrjV'-^^ , 
m/z (DCI(m+l)) 582; calcd for C35H36FN3O4 581.27. 

METHODS . : 

742.^4>nuorophenvlVS-i sopropvl>3-phenvl4>phenvlcaAamovl>pv^^ 
dioxo-heptanoic acid, /grf-butvl ester ^ 

O 

V 

A nitrogen inerted reactor is charged with the sodium salt of /er/-butyl 
acetoacetate (100 mmoi). Anhydrous toluene (71.5 mL) and THF (82 mL, 
1 01 mmoI) are added, and the resulting solution is cooled undo: a positive 
pressure of nitrogen to ca.-IO^'C. A 10 M hexanes solution of /i-BuIi (104 mmol) 
is added at such a rate as to maintain an internal reaction temperature of ^1 °C. 
The resulting solution is stirred an additional 20 to 30 minutes after complete 
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addition as the temperature is allowed to cool to ca. -6'*C. Meanwiiile» 5-(4- 
fluorophenyl)-2-isopropyl-K3-moiphoIin-4-yI-3-oxo-propyI)-^ 
pyiTole-3-carboxylic acid phenylamide (25 mmol) is charged to a second nitrogen 
inerted reactor. Anhydrous THF (SO mL) is added at room temperature, and the 

5 resulting sluny is cooled to ca -lOX and stirred for 15 to 90 minutes. The 

solution of dienolate is added to fte sluny of moipholine amide at such a rate as to 
m?^infafn an internal reaction temperature ecu -5°C. Following this addition, the 
slurry is stirred at ca. -S^'C for ^ hours. Water (35 mL) is added with vigorous 
agitation at such a rate as to maintain an intemal reaction temperature of ^0**C. 

0 Concentrated 37% hydrochloric acid (1 9.0 mL, 229 mmol) is added at such a rate 
as to maintain an intemal reaction temperature of <ff'C. The two-layered reaction 
mixture is vacuum distilled, removing >50%'of the organic solvents. Hie 
distillation is stopped and the lower aqueous layer is discarded. Water (55 mL) is 
added and tiie vacuum distillation is contmued until a maj oaxy of the organic 

5 solvents are removed. [Note: It is preferable to drain and replace the aq^ layer 
before initiating flie vacuum distillation.] IPA (100 mL) is added followed by 
water (100 mL). The mixture is stirred for 2€ hours, allowing for solidification of 
the product The solid is coUected via filtration, and tiie cake is washed with pre- 
mixed 1:1 IPA:H20. The resulting solid is dried in vacuo at 35X to provide 7-[2- 

0 (4-fluorophenyl)-5-isopropyl-3-phenyl-4-phenylcarbamoyl-pyrTol-l-yl]-^ 

dioxo-heptanoic acid, tert-hntyl ester (14.1 g) as a white solid. This material is 
carried on to subsequent steps without further purification, or optionally, it can be 
re-precipitated from toluene. 

HRMS m/z (ESI(ot-1)) 6092772; APCI(m+l) 61 13; calcd for C37H39FN2O5 
5 6102843. ^ 

In a process analogous to Step 5 METHOD B, by substituting the sodium 
salt of the appropriate ester or amide of acetoacetic acid for the sodium salt of 
tert-huKyl acetoacetate, one obtains the following compoimds: 

7.[2.(4-nuorophenyl>5-isopropyl-3^^^^ 
0 yl]-3,5-dioxo-heptanoic acid, ethyl ester. 

HRMS m/z (ESI(m-l)) 5812463; calcd for C35H35FN2O5 5822530. 
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7-[2^4-nuorophenyl>5-isopropyl.3-phenyI^phenylcaibamoy^ 
yl]-3,5-dioxo-heptanoic acid, isopropyl ester. 

m/z (DCICm+l)) 597; calcd for C36H37FN2O5 59627. 

7-[2-(4-Huorophenyl>5-isopropyI.3-phenyl-4.phenylcarbamoyl.p^^^ 
yl]-3,5-dioxo-heptanoic add, methyl ester. 

m/z (DCI(/»+l)) 569; calcd for C34H33FN2O5 568.24. 

7-[2-(4-Fluorophenyl>5-isopn)pyl.3-phenyl-4-plienylcarbamoyl.i^l.l. 
yl]-3,5-dioxo-heptanoic acid, morpholino amide. 

HRMS m/z (ESI(«.l)) 622.2715; calcd for C37H38FN3O5 623.2795. 

7.[2-{4-Fluorophenyl>5.isopiopyl.3-plienyl-4-phenylcaibamoyl.pynol^ 
yl]-3,5-dioxo-heptanoic add, /^iVKlimethyl amide. 
m/z (DCKi»H-l)) 582; calcd for C35H36FN3O4 581.27. 

gtep 6: {S-^yiAM^Y\yxorov\^^y\y^.K.^^^ 

PYrT0M-vn-3.S-dihvdmvy-h. a)taiioic acirf , 
METHOD A 




'*«<%('WF)I(RH*MeO.BIPHEPI 
; H2,HBr.Me0H ; . 




A m'tiogen inoted pressure reactor is charged with 7.[2-(4-fluorophenyl). 
5-isopropyl.3.phMyl^phenylcai^ 

ethyl ester (100.0 mmol) and MeOH (250 mL). The resulting sluny is heated with 
stfaring to CO. 55»C to affonl a homogeneous solution. The yess^^ 
are degassed Wa three 50 psi pressure purges with argon. Under a steady flow of 
argon, 1 M methanoUc HBr (7.0 mmol) and the RuCl2(DMI%[(RKl.MeO. 
BIPHEP)] catalyst (0.5 mmol) are added, and the reactor is given an additional 
50 psi pressure purge with argon. Tlie atmosphere is switched to hydm^ Wa 
three 50 psi pressure purges. The reactionisstined vigorously at 65»C under a 
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sustained pressure of hydrogen (SO psi) until hydrogen uptake ceases. The reaction 
is allowed to cool to ambient temperature, and the hydrogen pressure is released 
and replaced with nitrogen. The crude MeOH solution of (5R)-7-[2-(4^ 
fluorophenyl>5-isopropyW-phOTyl-4-phenylcarbamoyl-pyrrol-l-yl]-^ 
5 dihydroxy-heptanoic acid, methyl ester is carried on to subsequent steps without 
purification, or optionally, it can be isolated via flash column chromatography on 
silica gel, eluting witii ethyl acetate-heptane mixtures* 
HPLC analysis (YMC ODS AQ S5; 1 mUmm; 30*»C; 254 nm: CH3CN/H2O, 
60:40 (0-22 min) to 100:0 (27-37 min) to 60:40) indicated a syn:anti ratio of 1:1.5. 
10 Chiral HPLC analysis (Chiralcel OD-H column; 5% EtOHdHexanes; tR(3R,5R) = 
23.1 muL/tR(3R,5S) = 18,0 min./tR(3S,5S) = 24.8 nmL/tR(3S,5R) = 19.9 mm.) 
mdicated an enantiomeric excess at C-5 of ^8%, &voring tiie (R) configuration. 
m/z (DCI(m+l)) 573; calcd for C34H37FN2O5 572.27. 

. In a process analogous to Step 6 METHOD A, using die appropriate ^ 
15 alcoholic solvent m place of MeOH, one obtams the following compounds, for 
example: * " " 

(5R>7-[2-(4-nuorophenyl)-5-isopropyl-3-phenyl-4-phenylcaibm^ 
pyrToi-i-yl]-3,5-dihydfoxy-heptimoic^&^ ethjd est». ' * 
m/z (DCI(m+l)) 587; calcd for C35H39FN2O5 58628. 

20 Chiral HPLC analysis (Chiralcel OD-H column; 5% EtOH Jlexanes; 

tR(3R,5R) = 17.6 min7tR(3R,5S) = 14.7 min7tR(3S,5S) = 20.9 minitR(3S,5R) « 
15,9 min.) indicated an enantiomeric excess at C-5 of ^8%, favoring the (R) 
configuration. 
(51^^ 

25 pyrrol-l-yl]-3,5-dihydroxy-heptanoic acid, isopropyl ester, / 
jw/z (DCI(m+l)) 601 ; calcd for C36H4lF^^^ 

^ . In a process analogous to Step 6 METHOD A, using the appropriate ester 
or amide fi'om Step 5 in a non-nucleophilic/non-coordinating solvent (e.g., 
toluene) in place of MeOH, and acetic acid in place of HBr, one can avoid 
30 transesterification and obtam the foUowiiig compounds, for example: 
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(5R>7-[2'<4-Huorophenyl)-5-isopropylO-pheayl-4-pheaylc^ 
pyrrol-l-yl]-3,5-dihydroxy-heptaiioic add, tert-hjstyl ester. 
m/z (APCI(m+l)) 615 J; calcd for C37H43FN2O5 61432. 

(5R)-7-[2-<4-nuorophenyl)-5-isopropyl-3-phenyl-4-phOTylcai^^ 
pyrrol-l*yl]-3,5-dihydroxy-heptanoic acid, moipholino amide. 
m/z (APCI(w-l+HC02H)) 672.3; calcd for C37H42FN3O5 6273L 

(5R)-7-[2-{4-nuorophenyl)-5-isopropyl-3-phenyl-4-phenylcarbamoyl- 
pyrroM-yl]-3,5-dihydroxy-heptanoic acid, A^-dimethyl amide. 
m/z (APCI(w+l)) 586; calcd for C35H40FN3O4 585.30. 

In a process analogous to Step 6 METHOD A, using alternative Ru(II)- 
chiral diphosphine complexes in place of RnCl2(DMI%[(R)-Cl-MeOBIPHEP)3 
as the hydrogenation catalyst, one can obtain the identical products with varying 
enantiomeric excess at C-5. For example, in the reduction ofJ-ll-iA- 
£luorophenyl)-5-isopropyW-phenyl-4-phenylcarbamoyl-pyrrol-l-yl]-3,^^ 
heptanoic acid, ethyl ester to (5R)-7-[2-(4-fluorophenyl)-5-isopropyl-3-phenyl-4- 
phenyicaxbamoyl-pynoI-l-yI]-3,5-^ acid, methyl ester 

proceed^ as follows: 

RuCl2PMF)n[(RH+>BIN 

(£stvoring the (R) configuradoh) at C*5 as determined by chiral HPLC analysis. 

RuCl2(DMF)n[(RK+>pTol-BINAPi complex provided product with 91% 

ee (favoring the (R) configuration) at C-5 as detennmed by chiral HPLC analysis. 
RuCl2(DMF)i,[(R>(+)-C4-TunaPhos] complex provided product with 

93% ee (fiivoring the (R) configuration) at C-5 as determined by chiral HPLC 
'■-attal)^s^-''^'^'^"-*^^^ .■".v..-. ■ . 

RuCl2(DMF)n[(R>(+)-C2-TunaPhos] complex provided product with 
98% ee (fevoring the (R) configuration) at C*5 as determined by chiral HPLC 
analysis. ' 

: RuCl2(DMF)n[(SH->"MeO-BIPHEP] complex provided produd 

95% ee (favoring the (S) configuration) at C-5 as detennined by chiral HPLC 
analysis. 
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RuCl2[0ElH+)-Cl-MeO-BIPHEP] (NEts)^ complex provided product with 
2d8% ee (favoring the (R) configuration) at C-S as detennined by diiral HPLC 
analysis. 

RuCl2[(R)-(+)-BINAP] (NEts)^ complex provided product wiA 91% ee 

5 (favoring the (R) configuration) at C-5 as detennmed by chiral HPLC analysis, 
RuCl2[(RH+)-pTol-BINAP] (NEt3)n complex provided product with 

91% ee (favoring the (R) configuration) at C-S as detennined by chiral HPLC 
analysis. 

[Ru(TFA)2((RH+)-Cl-MeO-BIPHEP)]n complex provided product with 
10 ^8% ee (fiivoring the (R) configuration) at C-5 as detennined by chiral HPLC 
analysis. 

[Ru(TFA)2((RH+)-BINAP)]n complex provided product with 90% ee 
(favoring the (R) configuration) at C-5 as detennined by chiral HPLC analysis. 

METHOD B 

15 ' ^ A nitrogen inerted pressure reactor is charged whhbecizene n 

chloride duner (1 1 mg) and (RH+)-C2-TunaPhos (26 mg). l^e reactor is given a 
pressure purge with N2 and N2-sparged MeOH (1 .0 mL) is added via syringe. The 

resulting mixture is thoroughly purged with N2 and stirred at 25'*C for 30 minutes. . 

A solution of 7-[2-(4-fluorophenyl)-5-isopropyI-3-phenyl-4-phenylcari>amoyl- 

20 pynoH-yl3-3,5-dioxo-heptanoic acid, /er/-butyl ester (0.5 g) in N2-sparged 

MeOH (4.5 mL) is added to the reactor via syringe, and the resulting mixture is 
allowed to stir under N2 at 601^0 for 30 minutes. The solution is stined at 60X 
under a sustained H2 iN:essure of 60 psi for 22 hours. The reaction is cooled to 
ambient temperature ydiere it is repeatedly purged with N2. The crude MeOH 

25 solution of (5R)-?-[2-(4-fluorpphenyl)-5-isopropyl-3-phenyl-4-phenylcar^ 
pynol-l-yl]-3,5-dihydroxy-hqptanoic acid, methyl ester is earned on to 
subsequent steps without purffication, or optionally, it can be isolated via flash 
column chromatography on silica gel, eluting with ethyl acetate-heptane mixtures. 
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HPLC analysis (YMC ODS AQ S5; 1 mL/min; 30X; 254 nm: CH3CN/H2O, 
60:40 (0-22 nmL) to 100:0 (27-37 min.) to 60:40) mdicated a syn:mtiTa&o of 
1:L4. 

Chiial HPLC analysis (Chiralcel OD-H colmnn; 5% EtOH:Hexanes; ^(3R,5R) = 
23.1 min7tR(3R,5S) = 18.0 nmL/tR(3S,5S) = 24.8 min7tR(3S,5R) = 19,9 min.) 
indicated an enantiomeric excess at C-5 of ^7%, favoring the (R) configuration. 
m/z (DCI(m+l)) 573; calcd for C34H37FN2O5 57227. 



10 



15 



20 



Step 7: 5-(4-FluorophenvlV2>isopropvl-l-r2-^fSV6-oxo-3.6-dihvdro-2/^pv^ 
vlVethvn-4*phenvl-ljy-pvTrole-3-carboxvlic acid phenvlamide 



^ OK OH O 




LKOH,H20,(-MeOH) 

t 

8.H*, PhMe.(-H20) 
IS.A<^0. NE(3.0MAP 




A suitable nitrogen incited reactor is charged vdtii KOH (110.0 mmol) and 
water (300 mL). To this rapidly stirring solution is added the crude Step 6 solution 
of(5R)H7-[2-(4-flu6rbpheriyl>5-isopTOpyl^ 

yl]-3,5-dihydroxy-heptanoic acid, methyl ester (ca. 100 mmol/>98% ee) in MeOH 
(250 mL). The mixture is heated under a nitrogen atmosphere to an internal 
temperature of cal S5^C. During this time, MeOH is removed via distillation. The 
resulting reaction mixture is allowed to cool to 45*'C, where it is washed with 
MtBE (2x150 mL). The MtBE phases are separated and discarded. To the 45''C 
aqueous phase is added toluene (125 mL), followed by a slow addition of 6N HCl 
(20 mL). The two-phase mixture is stured for 1 0 minutes, and ihc layers are 
separated. The aqueous phase is extracted with a second portion of toluene 
(125 n^) and disc^ed. The combined organics are heated to reflux under a 
nitrogen atmosphere. During this time, 130 mL of distillate is collected and 
discarded. The resulting solution is cooled to ca. eO^'C, whore NEt3 (140 mmol), 
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DMAP (2.0 niinol) and AC2O (70.0 znmol) are added successively at such a lale 
as to maintain an internal reaction temperature of SS^C to 6S^C. This solution is 
stirred for co. 1.5 hrs at 60*C. The mixture is cooled to 50^*0, vdiere IN HCI 
(100 mL) is added slowly. The two-phase mixture is stined for 10 minutes, the 
5 phases are separated, and the aqueous phase discarded. The organic phase is 
washed with second portions of IN HCI (100 mL) and water (100 mL) while 
maintaining a temperature of 45**C to 55**C. The toluene solution is diluted with 
BU2O (200 mL) and the resulting solution is slowly cooled to O^C with continuous 

agitation. The resulting solid is collected on a filter funnel and dried under 
10 vacuum to provide S-(4-fiuorophenyl>2-isopropyl-l-[2«((S)-6-oxo-3,6-dihydro- 

2ff-pyran-2-yl)-eaiyl]-4-pheny^lfl'-pyrrole-3<arboxyK^ acid phenjiamide as a 

white to oflf-i^te solid (34.4 g). lliis material is carried on to subsequent steps 

without further purification, or optionally, it can be re-precipitated fipom PA/H2O. 

m/z (DCI(in+l)) 523; calcd for C33H31FN2O3 522.23. 
15 Chiral HPLC analysis (Chiralpak AD column; 1 mTymin; 30X; 254 nm; 10% 

IPAiHexanes; t{^(R) =18 min7t{^(S) =16 miiL) indicated an enantiomeric excess 

of >98%, &voring the (R) configuration. 

Step 8: S-(^4^FluorophenvlVl-r2-ff2R,4RV4-hvd^ 
vl>-efevl1-2-isoDropvl-4-Dhenvl-liy-pvirole-3-carboxvlic flciH p h^Y 
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METHODA 




An argon-purged reactor is charged with 5-(4-fluorophenyl)-2-isopx)pyH- 
[2<(S)-6-oxo-3,6-dihydro:2H-pyran-2-yl)^^ ^ . 

5 caiboxylic acid phenylamide (0.020 mol/>99% ee) and benzyl alcohol (52 mL). 
The reaction mixture is cooled to -1 0**C and NaOH (0.040 mol) is added. After 
stirring for 1 9 hours at -1 0°C the reaction is quenched with 37% HCl (0.042 mol) 
and diluted with water (25 mL) and toluene (25 mL). After the mixture is wanned 
to ambient temperature, the lower aqueous layer is discarded. The upper organic 

10 layer is combined with 20% Pd(0H)2/C (1,0 g) and H2SO4 (0,01 moles) and 

hydrogenated under 50 psi hydrogen at S0°C for 16 hours. The reaction mixture is 
heated to 80^C and filtered through diatomaceous earth. The resuctor and catalyst 
cake is rinsed with hot toluene (1 0 mL). The lower aqueous layer is discarded 
The upper organic layer is washed with a warm solution of aqueous HCl (0.16 g 

15 37% HCl in 25 mL hot water) and heated to reflux for 2.5 hours under argon, 

removing water azeotropically. The reaction mixture is cooled to 65®C and seeded 
with5-(4-fluorophenyl>l-[2-((2R,4R)-4-hydroxy-6-oxo-tetrahydro-pyran-^^^ 
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e&yl]-2-isopropyl-4-phenyl-li7-pyiTole-3-carboxylic acid phenylamide. After 
2 hours the reaction mixture is allowed to slowly cool to ambient tenq)erature. The 
resulting sluny is cooled to about OX. The product is collected and washed with 
cold toluene (25 mL). The resulting solid is dissolved in hot toluene (95 mL) and 
5 cooled to 65^C and held for 2 hours. The reaction mixture is slowly cooled to 

ambient temperature and further cooled to O^'C. The product is collected, washed 
with cold toluene (25 mL) and dried in vacuo at 70°C overnight to afford 5-(4- 
fluorophenyl)-l-[2K(2R,4R)-4-hydroxy-6-oxo-tetrahydro-pyran-2-yl)-e^ 
isopropyl-4-phenyH//-pyrrole-3-carboxyIic acid phenylamide (8.4 g) as a white 
10 solid. 

HPLC analysis (YMC ODS AQ S5; 1 mUmin; 30X; 254 nm: CH3CN/H2O, 
60:40 (0-22 min.) to 100:0 (27-37 muL) to 60:40) indicated an anti:syn ratio of 
>99:1. 

Chiral HPLC analysis (Chiralcd OF; 1 mL/min; 60''C; 254 nm; 20% 
15 IPA:Hexante; tR(3R^R) = 26 nmL/tR(3R.5S) = 59 mm7tR(3S,5S) = 33 nm/ 
tR(3S,5R) = 37 min.) indicated an enantiomeric excess at C-5 of >99%, feyoring 

• the (R) configuration. 
m/2 (IX:i(w+l)) 541; calcd for C33H33F^^ 

In a process analogous to Step 8 METHOD A, substituted benzylic alcohol 
20 derivatives (e.g.i /^•methoxy-ben2yl alcohol) may be used in place of benzyl 
alcohol to afford the corresponding compounds. 
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METHODS 




An argon-purged reactor is cfaaiged with 5-^^ 
[2-((S)-6-oxo-3,6Kiihydnh2jH^pyran-2-yl)-e%l]-^ 
S carboxylic acid phenylamide (19!l mmo]>99% ie) and allyl alcohol (50 mL). 
The reaction mixture is cooled to -5^C and LiOH (38,2 minol) is added. After 
stiiring for 1 hour at -S*'C the reaction is quenched with 37% HCl (42 nunol) and 
toluene (125 mL), After the mixture is wanned to ambient temperature, the 
reaction is concentrated to a volume of ecu 75 mL. Additional toluene (50 mL) is 

1 0 added and the reaction is concentrated via distillation to a crude oil that solidifies 
upon standing. The crude residue is taken up m DME (340 mL). To this solution 
is added deionized water (20 mL), p-toluenesulfonic acid (225 g) and 5% Pd/C 
(1 1 g; 50% water*wet). The resulting mixture is heated to AS^C under a N2 
atmosphere for 1.5 houis and at ambient temperature for an additional 16 hours. 

1 5 The solution is passed tibioug|h filter aid to remove catalyst, and solvent is 

removed in vacuo. The residue is taken up in toluene (50 mL). Water (75 mL) and 
KOH (950 mg) are added, and the reaction mixture is heated to 65X ^ere the 
layers are separated. The aqueous phase is washed with toluene (25 mL) at 65^C 
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and the combined toluene layers are discarded. To the aqueous phase is added 
toluene (50 mL), followed by 6N HCl (3.8 mL). The mixture is stirred vigorously 
at 65®C for 5 minutes and the phases are separated. The toluene phase is heated to 
reflux for 2.5 hours under argon, removing water azeotropically. The reaction 
5 mixture is cooled to 65*0 and seeded with 5-(4-fluorophenyl)-l-[2-<(2R,4R)-4- 
hydroxy-6^xo.tetrahydTO-pyran-2-yl)-ethyl]-2-isopropyl-^^ 
carboxylic acid phenylamide. After 2 hours the reaction mixture is allowed to 
slowly cool to ambient temperature. The resultmg sluny is cooled to about O^'C, 
The product is collected and washed with cold toluene (25 mL). The resulting 

1 0 solid is dissolved m hot toluene (95 mL) and cooled to 65X and held for 2 hours. 
The reaction mixture is slowly cooled to ambient temperature and further cooled 
to O^'C. The product is collected, washed wiih cold toluene (25 mL) and dried 
in vacuo at 70^C overnight to afford 5-<4-fluorophenyl>l-[2-((2R,4R)-4.hydro3or- 
6K)Xo-tetrahydro-pyran-2-yl)-ethyl]-2-isopropyl-4-phenyl-l^r^ 

15 carboxylic acid phenylamide as a white solid, 

HPLC analysis (YMC ODS AQ S5; 1 mUndm SO'^C; 254 nm: CH3CN/H2O, ' 
60:40 (0-22 min) to 100:0 (27-37 min) to 60:40) mdicated an anti:syn ratio of 

Chual HPLC analysis (ChiralCel OF; 1 mLteh^ 60*'C; 254 nm; 20% 
20 IPA:Hexanes; tR(3R,5R) « 26 nmL/^(3R^S) = 59min. 1r(3S^S) = 33 toinJ 

tR(3S,5R) = 37 min.) indicated an enantiomeric excess at C-5 of >99%, favoring 
the (R) configuration. 

w/z (DCI(w+l)) 541; calcd for C33H33FN2O4 540.24. 



25 



. ^ In a process analogous to Step 8 METHOD B, allylic alcohol derivatives 
(e.g., crotyl alcohol) may be used in place of allyl alcohol to afford the 
corresponding compounds. . 



wo 02/055519 



PCT/IBOl/02729 



.54. 

METHOD C 




OPERATION A 

A nitrogen inerted reactor is charged with (5R>7-[2-(4-fluorophenyi)-5. 
5 isopropyl-3-phenyM-phenylcaihamoyl-p3ntrol-l-yl]-3,5-d^ 

acid, /crf-butyl ester (10.0 mmol), benzaldehyde dimcthji acetal (44.0 mmol), 
toluene (40 mL) and j7-toluenesulfonic acid monohydrate (1.0 mmol). The 
reaction is stirred vigorously under vacuum for ca. 20 hours, or until complete 
reaction as detennined by analysis of an aliquot by HPLC. The solution is cooled 

10 under a nitrogen atmosphere to ca. -SX where a IM THF solution of KOtBu 
(9.0 mmol) is added in three equal portions, separated by 30 to 45 minutes. The 
resulting solution is allowed to stir an additional 12 to 14 hours at O^'C. The 
^x^ction is quenched by &e slow addition of IN HCl (10 mL). The resulting two- 
phase mixture is allowed to warm to ecu 15X and is transfOTed to a separatory 

15 funnel where Ae aqueous phase is removed and discarded. The organic phase is 
washed with saturated aqueous NaCl (100 mL), dried over anhydrous MgS04 
(25 g), filtered and concentrated in vacuo to a oiide oil. This material is earned on 
to subsequent steps wthout purification, or optionally, it can be re-precipitated 
fix^m etfaer/hexanes. 

20 •iro^z(APa(m+l)) 703.4; calcd for C44iti7FN205^^^ - - ^ 

In a process analogous to Step 8 METHOD C OPERATION A using the 
appropriate e^r firom Step 6 in place of (5R)-7-[2-(4-fluorophOTyl)-5-isopropyl- 
3-phenyl-4-phenylcaibamoyl-pyirol-l-yl]-3,5-dihy^ acid, tert-^ 

butyl ester, one obtains the following compounds, for example: 
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((4R,6R)-6-{2-[2-(4-fliiorophenyl>5-isopropyl-3-phenyl-4- 
phenylcarbamoyl-pym)l-l-yl]-ethj^}-2-phenyHU]dioxan-4-yl)-aceticacid 

methyl ester. 

((4R,6R)-6-{2-[2-(4-fluoropheiiyl)-5-isopropyl-3-phenyl-4- 
5 phenylcarbamoyl-pynol-l-yl]-ethyl}-2-phenyl-[l3]dioxan-4-yl>acetic add ethyl 
ester. 

((4R,6R)-6-{2-[2-(4-fluorophenyl)-5-isopropyl-3-phenyl-4- 
phenylcarbamoyl-pynol-l-yl3-ethyl}-2-phenyl-[U]dioxan-4-yl)-acetic acid 

isopropyl ester. 

10 OPERATION B 

A nitrogen inerted pressure reactor is charged wiA ((4R,6R)-6-{2-[2-(4- 
fluoiophenyl)-5-isoprop^-3^haiyl-4-phenylcarbainoyl-pyrrol-l-3l]-efliyi}-2- 
phenyl-[l,3]dioxaii-4-yl)-acetic acid tert-haty\ ester from OPERATION A (5.0 g), 
5% Pd/C (0.45 g; 50% H20-wet), 2N HCl in MeOH (1.9 mL), toluene (1 1 mL), 

15 andMeOH"(3.1 mL). The vessd and its contents w degassed vfa two qn^^ 
, partial evactiation and nitrogen pressuiization (25 mm Hg and 5^^ 
respectively). The atmosphere is smtched to hydrogen via flnee cycles of partial 
evacuation and hydrogen pressurization (25 mm Hg aad 50 psi, rwpectiyely). The 
leaction testirred vigorously at 40°Cjmder a positi^^ of H2 (co. 50 psi) 

20 for ca. 2.5 hours. The reaction is allowed to cool to ambient temperature, and the 
hydrogen pressure is released and replaced with nitrogen. The reaction is passed 
through filtering agent to remove the catalyst, rinsing thoroughly with MeOH (2 x 
5 mL). To this solution is added KOH (0.6 g) in water (25 mL). The reaction is 
stined vigorously under a nitrogen atmosphere and heated to an internal reaction 

25 temperature of ca. 9p**C, removing MeOH via distillation. The two-phase nuxture 
is allowed to cool to TO^'C and the upper toluene phase is separated and discarded. 
The aqueous phase is washed with a second portion of tolurae (10 mL) at 70**C. 
This organic wash is also separated and discarded. To the aqueous phase is added 
toiuene (10 mL), foUowed by a slow addition of 2N HCl (5 mL). The two-phase 

30 mixture is stirred for 1 0 minutes and the layers are separated. The aqueous phase 
is extracted with a second portion of toluene (10 mL) and is discarded. The 
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combined organics are heated to reflux under a Dean-Stark water trap for 
2.5 hours under argon. The reaction mixture is cooled to dS^'C and seeded with 
5-(4-fluorophenyl>l-[2-((2R,4R)-4-hydroxy-^xo-tetrahydro^ 
2-isopropyl-4-phenyl-lif-pyrrole-3-catfoo3Qrlic acid phenylaniide. After 2 hours 
5 the reaction mixture is allowed to slowly cool to ambient temperature. The 

resulting slurry is cooled to ca O^C. Tlie product is collected and washed with 
cold toluene (5 xnL). The resulting solid is dissolved in hot toluene (20 mL) and 
cooled to 6S''C and held for 2 hours. The reaction mbcture is slowly cooled to 
ambient temperature and then to O^C. The product is collected, washed with cold 
10 toluene (5 mL) and dried in vacuo at 70**C overnight to afford 5-(4-fIuorophenyi)- 
l-[2-((2R,4R)-4-hydroxy-6-oxo-tetrahydro-pyTan-2-jd>ethyl]-2-isop 
phenyl-l//^pynx)le-3-carfooxylic acid pheiayiamide as a white solid 
m/z (DCI(ot+1)) 541; calcd for C33H33FN2O4 540.24. 

METHOD D 



15 




A nitrogen inerted pressure reactor is charged wift 7-[2-(4-fluorophenyl)- 
5-isopropyl-3-phenyl'4-phOTylc2abamoyl-pyr^ 

ethyl ester (100.0 mmol) and EtOH (250 mL). The resulting slurry is heated with 
stirring to ca. 55^C to afford a homogeneous solution. The vessel and its contents 
20 are degassed viaHHet 50 psi piressure purges with argon. Under a stb^y flow of 
argon, 1 MethanolicHBr(7.0nmiol)andfheRua^^ catalyst 

(0.5 mmol) are added, and the reactor is given an additional 50 psl pressure purge 
with argon. The atmosphere is switched to hydrogen via three 50 psi pressure 
purges. The reaction is stirred vigorously at 65**C under a sustained pressure of 
25 hydrogen (50 psi) until H2 uptake ceases. The reaction is allowed to cool to ca. 
50°C, where the hydrogen pressure is released and replaced with nitrogen. Tlie 
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crade EtOH solution of (5R)-7-[2-(4-fluorophenyl)-5-isopropyl-3-phenyl-4- 
phenylcarbamoyl-pyirol-l-yl]-3,5-dihydroxy-heptanoic acid, methyl ester is 
diluted with toluene (250 mL). To this solution is added benzaldehyde (150 
mmol) and /^TsOH monohydrate (5 mmol). The resulting reaction mixture is 
5 heated to a pot temperature of 1 lO^'C, removing EtOH and water via their toluene 
azeotropes. The solution is cooled under a nitrogen atmosphere to ca. -5^C where 
a 1 M THF solution of KOtBu (90 mmol) is added in three equal portions, 
separated by 30 to 45 minutes. The resulting solution is allowed to stir an 
additional 12 to 14 hours at O^C. The reaction is quenched by tiie slow addition of 

10 IN HCl (1 00 mL). The resulting two-phase mixture is allowed to warm to ca. 

15^C and is transferred to a separatory funnel where tiie aqueous phase is removed 
and discarded The organic phase is washed with saturated aqueous NaCl (25 mL), 
dried over anhydrous MgS04 (5 g), filtered and concentrated in vacuo to a crude 
oil that is taken up in MeOH (200 mL). This solution is transfeiied to a nitrogen 

15 inerted pressure reactor contaming 5% Pd/C (5 g 50% water-wet). Concentrated 
HCl (2 mL) is added and the r«u:tion is stirred under a sustained pressure of H2 
(50 psi) for ca. 3 hours at SO'^C. The reaction mixture is cooted to a^ 
temperature, the H2 is replaced by N2, and the catalyst is removed via filtration. 
This solution of (3R,5R)-7-[2.(4.fluorophenyl)-5-isopropyl-3-phenyl-4- 

20 phenylc2u*amoyl-pyrrol-l-yl]-3,5-dihydroxy-heptan acid, methyl ester is 
transferred to a nitrogen inerted reactor charged with KOH (1 1 0.0 mmol) and 
water (300 mL). The mixture is heated under a nitrogen atmosphere to an internal 
temperature of co. 85^C. During this time, MeOH is removed via distillation. The 
resulting reaction mixture is allowed to cool to 45^C, where it is washed with 

25 M*BE P X 150 mL). The M^E phases are separated and discardjwi To^the 45*^0 
aqueous phase is added toluene (125 mL), followed by a slow addition of 6N HCl 
(20 mL). The two-phase nuxture is stuoed for 10 minutes and the layers are^ 
separated. The aqueous phase is extracted with a second portion of toluene 
(125 mL) and is discarded. The combined organics are heated to reflux mdsx a 

30 Dean-Stark water trap for 2.5 hours under argon. The reaction mixture is cooled to 
65^C and seeded witii 5-(4-fluorophenyl)-l-[2-((2R,4R>4-hydroxy-6-oxo- 
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tetrahydrc>-pyi^-2-yl)-ethyl]-2-isopiopyl-4-phenyl^ 
phenylamide. After 2 hours the reaction mixture is allowed to slowly cool to 
ambient temperature. The resulting slurry is cooled to ca O^C. The product is 
collected and washed with cold toluene (100 mL). The resulting solid is dissolved 
5 in hot tolurae (350 mL) and cooled to 65^C vAiestt it is held for 2 hours. The 
reaction mixture is slowly cooled to ambient temperature and then to OX. The 
product is coUected, washed with cold toluene (100 mL) and dried in vacuo at 
VO^'C to afford 5-(4-fluorophenyl>l-[2-((2R,4R)-4-hydroxy-^xo-tetrahydro- 
pyran-2-yl)-ethyl]-2-isopropyl-4-phenyl- l/f-pyrrole-3-carboxylic acid 
1 0 phenylamide as a vAntQ solid. 

m/z (DCI(m+l)) 541; calcd for C33H33FN2O4 540.24, 



Step 9: fRJlV7-r2-(4-FluorophenvlVS-isopropvl-3-phenvl-4-phenvlcarbamovl- 
pvrroM-vlV3.5-dihvdroxv-heptanoic acid calcium salt 




15 An argon-purged reactor is charged with 5-(4-fluorophenyl)-l -[2- 

((2R,4R)-4-hydroxy-^xo-tetrahydro-pyran-2-yI)-ethyI]-2-i^ 
li/-pyxrole-3-caibo}^lic acid phenylamide (14.8 mmol), MtBE (45 mL) and 
MeOH (20 mL). A solution of NaOH (152 mmol) in water (103 mL) is added and 
the reaction mixture heated to 52°C After heating for ca 1 hour, the reaction 

20 mixture is cooled to 34''C and the layers are allowed to separate. The upper 

organic layer is discarded. The lower aqueous layer is washed wilh MtBE (33 mL) 
at CO. 33^C. The lower aqueous layer is diluted with MtBE (2 mL) and heated to 
52'*C undo: argon. A wann solution of Ca(OAc)2-H20 (7.5 mmol) m water 

(44 mL) is added over ca. 2 hours. About 5 minutes after the start of the 
25 Ca(0 Ac)2 addition, the reaction mixture is seeded with a slurry of (RJR.)-7-[2-(4- 
fluon>phenyl)-5-isopropylO«phenyl-4-phenylcarbamoyl-pyrrol-l*yl]-3,5« 
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dihydroxy-heptanoic add, calcium salt (0.08 mmol) in water (1 .2 mL) and 
methanol (0.4 mL). A&sr the Ca(0Ac)2 addition is complete, the reaction mixtm:e 
is held for calS minutes at ST'C and cooled to lO^'C. The product is collected, 
washed sequ^ally with a 2:1 solution of aqueous methanol (48 mL) and water 
5 (49 mL). After drying in vacuo at TO^'C, (IUl)-7-[2-(4-fluorophenyI>5-isopropyI- 
3-phenyl-4-phenylcarbamoyl-pyrroH-yl]-3,5-dihydroxy-heptanoic acid, calcium 
salt (8.7 g) is obtained as a white solid The analytical specifications of this 
material are in agreement with the values reported in the prior art 

PREPARATION OF CATALYSTS 

10 EXAMPLE A 

RuCl2fl3MFtnrfRW+VCl-MeO>BIPHEP1 complex 

A suitable reaction flask is charged with DMF (17J mL). The vessel and 
its contents are degassed via two cycles of partial evacuation and nitrogen 
pressurizatioh (25 mm Hg and 10 psi, respectively). The excess nitrogen pressure 

IS is released, and benzene rutlienium(II) chloride dimer (0 JO mmol) and (R)-(+)- 
Cl*MeO-BIPHEP (1.10 mmol) are added in rapid succession! libe vessel and its 
contents are again degassed via two cycles of partial evacuation mdiiitrogen 
pressurization (25 mm Hg and 10 psi, respectively). The excess nitrogen pressure 
is released, and the n^ctor is heated to ca. 1 00*^0 for 1 0 minutes. The resulting 

20 solution is iallowed to cool to <50^C \rfiere solvent is removied in vacuo, jaffording 
Rud20iMnF)n[i^)<+)^^ as a rusty-brown solid. The crude 

complex is used directly in subsequent reactions without purification or 
unarnbigubxjs chatracterizs^ or optionally, can be istored under ian inert 
atmosphere for fiifoire^^^^^ 

25 , a process andogous to EXA^^ A udng the appropriate chiral 

diphosphine li^d in place of (RH+)*C1-Mea-BIPHEP, the following conq>lexes 
can be obtained, for example: 

RuCl2(DMF)nt(RH+)-BINAP]n complex. 

RuCl2(DMF)n[(RH-^)-/?Tol-BINAP]n complex. 
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2l2(DMF)n[(RH+)-C4-TuiiaPIios]n complex. 
:i2(DMF)n[(RH+)-C2-TunaPhos]n complex. 
:i2(DMF)n[(S>(-)-MeO-BIPHEP]n complex. 



EXAMPLES 
•RVBINAPT fNEt^ V complex 

itrogen inerted pressure reactor is charged with dichloro-(l,5- 
;eae)-ruthemum QX) dimer (0.15 mmol) and (RH+)-BINAP (032 
.uene (8.0 mL) is added, followed by triethylamine (4.5 mmol). The 
its contents are degassed via two cycles of partial evacuation and 
^ssuiizadon (25 mm Hg and 10 psi, respectively). The excess nitrogen 
released, and the reactor is sealed and heated to ca. MC^C vAsxc it is 
for ca. 4 hours. The resulting clear red solution is allowed to cool to 
le solvent is removed in vacuo, affording RuCl2[(RK+)-BINAP] 
mplex as a rusty-brown soliii. The crude conqjlex is used directly in 
reactions without purification or imambiguous characterization, or 
can be stored under an inert atmosphere for future use. 

process analogous to EXAMPLE B using the sppropriate chiral 
3 ligand in place of (RH+)-BINAP, the following complexes can be 
Dr example: 

"l2[(RH+)-Cl-MeO-BIPHEP] (NEt3)n complex. 
-l2l(RH+)-BINAP3 (NEt3)n complex. 
^l2[(RK+>pTol-BINAP] (NEt3)n complex. 

EXAMPLE C 
?/niW+VCl-MeO-BIPHEP^1p complex 

uitable reaction flask is charged with acetone (50 mL). The vessel and 
z are degassed via two cycles of partial evacuation and argon 
.ion (25 mm Hg and 10 psi, respectively). ITie excess argon pressure is 
ad (0.50 mmol) and (RH+>a-MeO-BIPHEP (0.51 mmol) are added 
ccession. The vessel and its contents are again degassed via two cycles 
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of partial evacuation and argon pressuiization (25 mm Hg and 10 psi, 
respectively). The excess argon pressure is released, and the reactor is stirred 
vigorously at ca. 30°C Trifluoroacetic acid (1 2 nunol) is added via syringe and 
the reaction mixture is stiired for an additional l^our period. Solvent is removed 
5 in vacuo, with carefiil omission of O2, to afford [Ru(TFA)2((RK+>Cl-MeO- 

BIPHEP)]n complex as a solid. The crude complex is used directly in subsequent 

- reactions without purification or unambiguous characterization, or optionally, can 
be stored under an inert atmosphere for future use. 

In a process analogous to EXAMPLE C usmg Ikt appropriate chiral 
10 diphosphine ligand m place of (R)-(+>Cl-MeO-BIPHEP, the following complexes 
can be obtained, for example: 

[Ru(TFA)2((R>(+)-MeO-BPHEP)]n complex. 

[Ru(TFA)2((RH+)-BINAP)]n complex. 

[Ru(TFA)2((RH+hPTol-BINAP)]n complex. 
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CLAIMS 

What is claimed is: 

1. A process for the preparation of a compound of Formula (13) 

O 




5 vAach comprises: 

Step (a) reacting a compound of Formula (1) 

^o^^ 

v^erein R is alkyl, aiyl, aiylalkyl, or heteroaiyl in a solvent wifli a 
compound of Foimula (2) 

10 r1-H(2) 

wherein R1 is -XR herein 

XisO, 
S,or 

Se,orRlis 

N r2 

15 ^ herein r2 or R3 is indq>endently 

alkyl, 
cycIoalkyl» 
arylalkyl, or 
aryl,or 

20 r2 and r3 together are 
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-(CH2)4-, 
-(CH2)5-, 

.(CH(R4)-CH2)3-, 

-(CH(R4).CH2)4-, 

.(CH(R4hCH2)2-CH(R4)K 

-(CH(R4hCH2)3-CH(R4))-, 

-CH2-CH2-A-CH2-CH2-, 

-CH(R*>CH2-A-CH2CH2-. 

-CH(R4).CH2-A-CH2-CH(R4> 

v^erein r4 is alkyi of &om one t<f four caibon atoms, A is O, S, or N, and 
R is as defined above to afford a compound of Formula (3) 



(3) 



i^erein r1 is as defined above; 

Step (b) reacting a compound of Fonnula (3) with hydrogen in the 

presence of a catalyst and a strong acid in a solvent to afford a 

compound of Formula (4) 

: - Q 

0 ©xOk 1 
YH3N (4) 

wherein Y is CI, Br, TsO, MsO, or HSO4, and is as defined above; 

Step (c) reacting a compound of Fonnula (4) with a base in a solvent 
followed by the addition of a compound of Fonnula (5) 
RrC02H (5) ^ 

wherein R is as defined above in a solvent to afford a compound of 
Formula (6) 



X 




R" "0 HjN' ' e} (6) 
0 © 
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v^erein R and are as defined above; 
Step (d) reacting a compound of Formula (6) wiHi Confound (7) 

F 




(7) 



in a solvent with removal of water to afford a compoimd of Formula (8) 

F 




(8) 



wherein R^ is as defined above; 

Step (e) reacting a compound of Foimiiia (8) with a compound of 
Formula (9) 



A® o 



(9) 



wherein M is sodium, lithium, potassium, zinc, magnesium, copper, 

calcium, or aluminum, and is as defined above in a solvent in 
the presence of a strong base to afford a compound of Formula (10) 
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/ 0 0 0 




(10) 



wherein is as defined above; 

Step (f) reacting a conq>oxmd of Formula (10) with hydrogen m the 
presrace of a catalyst ia a solvent in fbe presence of an acid to 
afford a compound of Formula (1 1) 

F 




K-^^'V.''' ^.1 



wherein is as defined above or a compound of Foimula (1 la) 

F. 



OH OH Q 




(11a) 



Step (g) reacting a compound of Formula (1 lb) 
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OH OH O 



(lib) 



wherein r1 ^ is OH, XR wherein 
XisO, 
S,or 

ScorRlais 

N r2 



r3 



wherein R? or r3 is independently 

alkyl, 
cycloalkyl, 
aiylalkyi, or 
aiyI,or 

r2 and R^ together are 

-(CH2)4-. 

-(CH2)5-. 

.(CH(R4)-CH2)3-, 

-(CH(R4>CH2)4-. 

-(CH(R4>(CH2)2-CH(R4)>, 

-(CH(R4hCH2)3-CH(R4)K 

-CH2-CH2-A-CH2-CH2-. 

-CH(R4)-CH2-A-CH2CH2-, 

-CH(R4).CH2-A-CH2-CH(R4). 
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wherein is alkyl of from oae to. four carbon atoms, A is O, S, or N and 
R is alkyl, aryl, arylallgrl, or heteroaiyl in a solvent in the presence 
of an acid, followed by reaction with a base, an acylating agent, 
and an acylation catalyst in a solvent to afford a compound of 
Fonnula(12) 



O 




(12); and 



Step (h) reacting a conq>ound of Fonnuia (12) witii HO-M in an alcohol of 
Fonnula(17)or(17b) 

H0CH2-Aryl (17) or HO-AUyl (17b) 

10 vdierein M is sodium, lithium, potassium, zinc, magnesium, copper, 

calcium, or aluminum, or with a compound of Fonnuia (16) or (1 6b) 

M ® ® 0CH2-Aryl (16) or M ® © OAllyl (16b) 

wherein M is as defined above in an alcohol of Formula (17) or (17b) 
wherein aiyl or allyl in a compound of Formula (16) or (16b) and 
15 (17) or (17b) is the same, in a solvent followed by the addition of 

hydrogen in die presence of a catalyst and an acid to afford the 
compound of Fonnuia (13). 

2. The process according to Claim 1 , wherein fhe catalyst in Step (f) is 
RuCl2(DMF)n((RH+)-Cl-MeO-BIPHEP). 



20 3. 



A process for the preparation of a compound of Foimxila (8) 



-68- 




wfaereinR^ is-XRvdiernn 

XisO, 
S,or 

Se,orRlis 

N r2 

^ vHaetem or is mdependeady 

alferl. 
cycloaOcyl, 
aiyla]]^], or 
aryl,or 

R^ and R^ together are 

-(CH2)4-. 

<CH2)5-. 

KCH(R4)-CH2)3-. 

-(CH(R4)-CH2)4-, 

-(CH(R4)-(CH2)2-CH(R4)K 

-(CH(R4hCH2)3-CH(R4))-, 

.CH2-CH2-A-CH2-CH2-. 

.-CH(R4).CH2-A-CH2CH2-, 

-CH(R4>CH2-A-CH2-CH(R4). 
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wherein is alkyl of from one to four caibon atoms, A is 0, S, orN, and 
R is alkyl, aryl, arylalkyl, or heteroaryl which comprises: 
reacting a compound of Formula (4) 




5 wherein Y is CI, Br, TsO, MsO, or HSO4, and r1 is as defined above with 

a compound of Fomiula (20) 

R.CO2© ©M (20) 

' vvheieinR is as defined above and Mis sodium, Hthium,potassiuni,zi^ 
magnesium, copper, calcium, or aluminum vnUi Compound (7) 
F 



(7) 



in a solvent with removal of water to afford a compound of Formula (8). 




4. A process for the preparation of compound (13) 
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which comprises: 



Step (a) reacting a compound of Fonnula (1 1) 
F 



y^lierein is -XR herein 



•wher&n R^ or. R^ is independently 



-(CH2)4-, 
-(CH2)5-, 
-(CH(R^>CH2)3-, 

-(CH(R4)-CH2)4-. 
-(CH(r4kCH2)2-CH(R4)>, 

-(CH(R4hCH2)3-CH(R4)K 
^H2-CH2-A-CH2-CH2-, 

-CH(R4)-CH2-A-CH2CH2-, 




XisO. 
S,or 

Se,orRlis 




alkyl. 
cycloalkyl, 
aiylalkyUor 
atyl,or 

r2 and R^ together are 
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.CH(R4>CH2-A<:H2-CH(R4). 

wherein is alkyl of from one to four carbon atoms, A is 0, S, orN, and 
R is alkyl, aryl, arylalkyl, or heteroaiyl with an acetal of 
Foimnla (15) 



.OR^ 

or5- 



(15) 



wherein R^ and R^^ are independently the same or different and are 

methyl, ethyl or -(CH2)ii- wherein n is an integer of 2 to 4, and R is 
as defined above in a solvent in the presence of an acid followed by 
the addition of an aldehyde coiresponding to the previous acetal in 
the presence of a base to afibrd a compound of Formula (14) 




wherein R^ and R are as defined above; 

Step (b) reacting a compound of Formula (14) in a solvent in the presence 
of an acid or optionally reaction with hydrogen in the presence of a 
catalyst and an acid in a solvent to afford the compound of 
Formula (13); and 

Step (c) alternatively, reacting a compoimd of Formula (1 1) or (1 la) in a 
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solvent in the presence of an acid to afford a compound of Formula (13). 



10 



5. A process for the preparation of a compound of Formula (1 lb) 

F 




wiierein R^^ is OH, -XR wherein 
XisO, 
S. 



Se,orRl*is 



N R^ 



wherein R2 or r3 is independently 



alkyl 
cycIoallQrl, 
arylalkyl, or 
aiyl, or 

r2 and together are 
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-(CH2)4-, 
-(CH2)5-. 

-(CH(R4)-CH2)3-, 

-(CH(R4)-CH2)4-. 

-(CH(R4hCH2)2-CH(R4)>, 

.(CH(R4hCH2)3-CH(R4)>. 

-CH2-CH2-A-CH2-CH2-, 

-CH(R4)-CH2-A-CH2CH2-, 

-CH(R*).CH2-A-CH2-CH(R4> 

vdierein is alkyi of from one ticf four carbon atoms, A is O, S, or N, and 

R is alkyl, aryl, arylalkyi, or hetm>aryl vAich comprises: 
Step (a) reacting a compound of Fonnula (10) 




v^ierein RMs XR or r1 is 
N r2 

^ y/badn X, R, R^, and R^ are as defined above vnih one mole of 
hydrogen in the presence of a catalyst in a solvent in flie presence 
of an acid to afford compounds of Fomiula (18) and/or 
Fonniila(18a) 
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10 





O OH O 



(18a) 



^faeieinRl is as defined above; and . 

Step (b) leactmg eidier a compound of Fotmula (18) or (18a) vnth 

hydrogen in the presence of a catalyst in a solvent in the preswce 
of an acid to afford a compound of Formula (1 lb). 

6. The process according to Claim 5, vdierein the catalyst in Step (a) or (b) is 
RuCl2CDMF)n((RH+)-Cl-MeO-BIPHEP). 



7. A compound of Formula (6) 

X 

e © 




R' H3K . r1 (6) 



wfaerein R is all^I, aiyl, aiylalkyl, or heteroaiyl, and 

whorein R^ is -XR wherein 
XisO, 



wo 02/055519 



PCT/IBOl/02729 



-75- 

S,or 

Se,orRlis 

N 

I viieiein or is independently 

r3 

alkyi, 
cycloall^l, 
aiylalkyi, or 
aryl, or 

r2 and together are 
-(CH2)4-, 
-(CH2)5-. 

-(CH(R4)-CH2)3-. 

.(CH(R4)-CH2)4-. 

-(CH(R4>(CH2)2-CH(R4)>, 

-(CH(R4hCH2)3-CH(R4))-. 

-CH2-CH2-A-CH2-CH2-* 

-CH(R4>CH2-A-CH2CH2-. 

.CH(R4><ai2-A-CH2-CH(R4> 

wherein is alkyl of from one to four carbon atoms, A is O, or N, and 
R is as defined above. 

8. The compound according to Claim 7, wherein R is PhCH2- or (CH3)3-C-, 

/-\ 
andRlis — N^^O. 

9. A compound of Formula (8) 
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(8) 



wherein is -XR wherein 
XisO, 
S.or 

Se,orRl is 



N r2 



i3 



vdierdn R^ or R^ is independendy 



aUcyl. 

QTcloaDcyl, 

ar^aI]grl,or 
10 aiyl or 

R^ and R^ together are 

-(CH2)4-, 

-(CH2)5-, 

-(CH(R4).CH2)3-. 
15 KCH(R4)-CH2)4-. 

-(CH(R4HCH2)2-CH(R4)h 

-(CH(R4HCH2)3-CH(^4))., 

-CH2-CH2-A-CH2-CH2-, 
-CH(R4)-CH2-A-CH2CH2-, 
20 -CH(R4).C3I2-A-CH2-CH(R4)- 
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wherein is alkyl of from one to four carbon atoms, A is O, S, or N, and 
R is alkyl, aryl, arylalkyl, or heteroaryl. 



The compound according to Claim 9, wherein R^ is — p , 



A compound of Foxmula (10) or a phaimaceudcally acceptable salt thereof 




(10) 



wherein r1 -XR M^erein 
XisO, 
S,or 

Se,orRlis 



N r2 



A3 



wherein r2 or R^ is independently 

alkyl, 
cycloalkyl, 
arylalkyl, or 
aiyl or 

r2 and r3 togedi^ are 
-(CH2)4-, 
-(CH2)5-, 
-(CH(R4)-CH2)3-, 
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-(CH(R4).CH2)4-. 
-(CH(R4hCH2)2-CH(R4))., 
-(CH(R4kCH2)3-C.H(R4))-, 
-CH2-CH2-A-CH2-^2-. 



-CH(r4)-CH2-A-CH2-CH(R4)- 

vdietein is alkyl of fiom one to four caibon atoms, A is O, S, or N, and 
R is alkyl, aiyl, aiylalkyl, or heteroaryl. 



13. A con^tmd of Formula (12) 



5 



-CH(r4).CH2-A-CH2CH2-. 



10 





14. A conq>ound of Formula (18) or aphannaceutically acceptable salt tl^reof 
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(18) 



wberein is -XR vdioein 
XisO, 
S,or 

Se,orRl is 




\^erdn R^ or R^ is independently 



alkyl, 
cycloalkyi, 
aiylalkyl, or 
arylor 

r2 and r3 togetber are 

-<CH2)4-. 

-(CH2)5-, 

<CH(R4).CH2)3-. 

-(CH(R4>CH2)4-, 

-(CH(R4hCH2)2-CH(R4))., 

.<CH(R4hCH2)3-CH(R4)>, 

-CH2-CH2-A.CH2-CH2-, 

-CH(R4).CH2-A-CH2CH2-, 
^H(R4).CH2-A-CH2-CH(r4). 
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wiieiein is dikyl of fiom one to four carbon atoms, A is O, S, or N, and 
R is allgrl, aryl, aiylalkyl, or heteroar^. 

IS. A compound ofFormula (18a) or a phaimaceutically acceptable salt 
hereof 



F 




(18a) 



wherein R^ is -XR'n^berein 
XisO, 
S,or 

Se,orRl is 

N-r-R2 

10 i - wherein r2 or r3 is independently 

i? 

alkyl, 
cycloalkyl, 
aiylalkyl, or 
aryl or 

IS r2 and R^ together are 

-(CH2)4-, 
-(CH2)5-, 
KCH(r4>CH2)3-, 

-(CH(R4).CH2)4-. 
20 -(CH(R4hCH2)2-CH(R4))-, 
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-(CH(R4hCH2)3-CH(R4)K 

-CH2-CH2-A-CH2-CH2-. 

-CH(R4).CH2-A-CH2CH2-, 

.CH(R4).CH2-A-CH2-CH(R4> 

5 wherein is alkyi of fiom one to fovir carbon atoms, A is O, S, or N, and 

R is allq'l, aryl, aiylalkyl, or heteroaryl. 
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